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NORTH OF ENGLAND 


Our Mr. W. M. Foote recently spent two weeks in thoroughly searching the 
best localities of Cumberland and Durham. Everything obtainable in good 
specimens was purchased and partial shipments, including the pick of the entire 
assortment, have just been placed on sale in Philadelphia. The crystals of Dal- 
mallington and Mowbray Mine Barites, found in new types within the last year, 
are far the choicest examples of this species yet seen. We state without fear of 
contradiction, that they comprise the finest shipment of Barites which has ever been 
sent to this country. The large variety of minerals common to the district are 
offered in excellent specimens at lowest prices, although the very best come high. 
We hope to have a supplementary consignment in hand previous to this publica- 
tion, thus permitting us to offer specimens ranging between 50c. and $20.00. 


Scheelite. 


Massive, showing small pockets of well-defined crystals, bright faces, and of 
Some measure from +4 to + inches across, and a resemblance is 


regular habit. 
Not, showy, 


noted to the specimens from Traversella in both lustre and form. 
but a typical example of the mineral from a new locality in New South Wales. 
Prices $1.00 to $4.00. 

An odd association should be represented—brilliant blades of Stibnite inlaid 
and coating the massive Scheelite. Strange combination of sulphide and tung- 
state, the effect as a contrast being most pleasing. Specimens 14x2 to 3x4 


from 50c. to 34.00. 


From the West. 


Azurite. An exceptionally fine assortment. Groups of large and well 
defined crystals in glittering masses, rich color and wondrous beauty. No need 
to describe Azurite. Every one with an appreciation of the beautiful in nature 
recognizes at once the insignificance of words. The lot now offered is fresh 
material of undoubted merit and so reasonably priced that all should take 
advantage of an opportunity so favorable. 50c. to $4.00. 

Aurichalcite. Further shipments received place this mineral among the 
foremost of our recent acquisitions. Its rare tints of blue and green, the exqui- 
site delicacy of its crystallization, and the hitherto rare occurrence, combine to 
offer our customers an unending source of wonder and enjoyment. Values far 
below standards elsewhere noted. Cabinet specimens 50c. to $4.00: larger for 


exhibition purposes, $6.00 to $12.00, 


WARREN M. FOQTE, Manager. 
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PHILADELPHIA, PARIS, 
1317 Arch Street. 24 Rue du Champ de Mars. 
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Art. XXX.— Notes on the Geology of the Bermudas ;* by 
A. E. VERRILL. 


THE geology of the Bermudas, though simple, has attracted 
considerable attention and has been reported upon quite fully 
by several writers. (See page 339.) In this brief article | 
propose to give mainly the general conclusions arrived at by 
myself, from observations made at Bermuda during a visit to 
the islands in April and May of 1898, with a party of students 
from Yale University, made for the purpose of studying the 
fauna, as well as the geology. 

In some respects my conclusions will be found to differ con- 
siderably from those of others who have written upon the sub- 
ject. Though in the main my studies confirm the observations 
made by Professor W. N. Rice, Mr. A. Agassiz, and Professor 
Stevenson, yet, in my interpretations of the facts, I do not agree 
entirely with either of those writers. The differences are 
mostly in respect to special points, but yet in some cases they 
are of considerable significance. 

It has been known for some years that the Bermudas are not 
coral islands, as they were formerly thought to be, and that 
the outline of the group, though like that of the Pacific atolls, 
is not due to the growth of corals and formation of coral reefs. 

The group consists of about 25 larger islands and a large 
number of smaller islets, but most of “the land is included in 
the main island (Bermuda), which is about 144 miles in length, 
following its curvature, but is seldom two miles wide. This 
and the other islands at each end of it form a sort of crescent 

* Mostly an abstract froma course of six lectures on the Geology and Natural 


History of the Bermudas (illustrated by over 200 lantern slides), delivered at the’ 
Lowell Institute in Boston, Nov. and Dec., 1899. 
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EXPLANATION OF THE MAP OF THE BERMUDA 
ISLANDS. 


The depths outside the reefs and in the lagoons are in fathoms; those on the 
reefs and shallows are in feet. 


I, I.—Ireland Island and Dry Dock. 

BZ.—Boaz Island. 

S. L—Somerset Island. 

B. I.—Bermuda or Main Island. 

B.—Bailey Bay. 

H.—Hamilton, the capitol. 

H. S.—Harrington Sound. 

S. B.—Shelly Bay. 

F.—F lat’s Village and the outlet of Harrington Sound. 
E.—Elbow Bay, with modern sand dunes, 

G. H.—Gibbs Hill Light. 

D.—Devil’s Hole. 

C.—Causeway, destroyed Sept. 12, 1899, by a storm. 
C. H.—Castle Harbor. 

G. I.—St. George’s Island and town. 

G.—St. George’s Harbor. 

S. C.—Main Ship Channel or entrance to Murray Anchorage. 
D. I.—David’s Island and Light. 

C. 1.—Cooper’s Island. 

N. I.—Nonesuch Island. 

K. I.—Castle Island and ruins of King’s Castle. 


The principal submerged sinks or drowned lagoons over 50 feet deep are 
shaded with parallel lines, and numbered I-VI. Their probable ancient outlets, 
called “cuts,” are numbered VII to XV. 


I.—Murray Anchorage. 
I1.—Blue Cut Sink. 
III.—Sink north of Ireland Island, or Western Chub Cut sink. 
IV.—Brackish Pond Sink. 
V.—Chub Cut or Western Ledge Sink. 
VI.—Great Sound Sink. 
VII.—Cut in Long Bar, leading to a large passage 3 miles long 
and 6 to 7 fathoms deep, running S.E. and N.W. inside 
Long Bar Reef. 
VIII.—Hog Fish Cut, 7-10 fathoms deep, leading to Chub Cat 
Sink, from the southwest. 
IX.—Chub Cut, 7-8 fathoms deep, leading to Chub Cut Sink, 
from the north. 
X.—Western Blue Cut, apparently partly roofed over by the 
reef, leading to Sink III. 
X1.—North Rocks Cut, leading toward a small sink 11 fathoms 
deep, not numbered (North Rocks Sink). 
XII and XIII.—Ledge Flat Cuts, 7-9 fathoms deep, connected 
together inside the outer reefs. 
Continued on page 316. 
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XIV.—Mills Breaker Cut, 10 fathoms deep, leading towards an 
irregular sink (not shaded) 9 to 14 fathoms deep, and 
about 2 miles long. 

XV.—Main Ship Channel or the Narrows, a narrow cut leading 
to Murray Anchorage. 

Note.—The map is much altered from that of Agassiz by the addition of the 
three contour lines, at 10, 20, and 100 fathoms depths; by shading the deeper 


parts of the larger lagoons, where the depth exceeds 50 feet; and in some other 


respects. It is based on the Admiralty Chart, reduced by photogr: phy. 


FicguRE 2.—Cliff of zolian limestone on the South shore, showing the irregular 
stratification and the deeply pitted rough surface coated and infiltrated with 
alcite, characteristic of most of the cliffs that are exposed alternately to the 
action of the sea spray and dry air. 
about 15 miles in length, in a straight line, but this crescent is 
continued around, inthe form of an ellipse, by the innumerable 
submerged or nearly submerged flat reefs, many of which are 
bare at low tides. The whole ellipse probably covers over 220 
square miles, but the dry land contains scarely 20 square miles. 
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The outer line of reefs, on the northern side, encloses a great 
bay of shallow water, very much obstructed by innumerable 
flat reefs, large and small, many of which are nearly or quite 
bare at very low tides. But several considerable areas exist in 
this bay, where the depth is from 6 to 12 fathoms (rarely 14) 
and the bottom is composed of fine calcareous mud and shell- 


FIGURE 3.—Pinnacle rock of zolian limestone on South shore, showing sand- 
drift stratification, above, and the deeply pitted, rough, hard surface below, infil- 
trated and coated with calcite. 


sand. (See map, areas I-VI.) Castle Harbor and Harring- 
ton Sound also contain areas of similar depth and character of 
bottom, the latter being the deeper. 

The interior of the larger islands is hilly and irregular, 
some of the hills being 200 to 268 feet high. Nearly the 
whole of the southern side of the larger islands is composed of 
high precipitous cliffs, with a few small coves. Similar but 
less elevated cliffs form much of the north shore, but are not 
so continuous. The rocks are almost everywhere rather soft 
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seolian limestones, with strata dipping irregularly in all 
directions and often at high angles, so that they wear away on 
the coast into very rough and rugged forms. Where these 
rocks, along the shore and between tides, are exposed alter- 
nately to the sun and to the action of salt spray, they become 
deeply pitted and honeycombed, and often very jagged, while 
the surface and a layer beneath become very hard and solid 
by the infiltration and deposition of calcium carbonate. In 
this condition these rocks often give a ringing sound, when 
struck with a hammer, and are resistant toerosion. (Figs. 2, 3.) 

My attention was directed more particularly towards the 
determination of the precise nature and mode of formation of 
the white calcareous mud and sand on the bottom of the bays 
and lagoons, and of the beaches, and its probable rate of 
formation; to the probable rate and mode of erosion of the 
cliffs and reefs; to the rate of subaérial erosion and formation 
of the “red clay” soil; to the evidence of former elevation 
and subsidence of the land and its extent ; and to the possibility 
of connecting such changes with corresponding changes on the 
American coast in the Glacial and Post-glacial periods. 

My general conclusions may be summarized as follows: 

1. The present Bermuda Islands are a small remnant of a 
very much larger island which formerly occupied the same 
position, and which we may call the Greater Bermuda. This 
Greater Bermuda covered an area of about 300 to 400 square 
miles; was elliptical in outline, about 28 miles long and 15 
wide, and the highest land must have been at least 375 feet 
above the sea. It had large areas of sand beaches and flats, 
bare at low tide. ' The existing islands contain only about 20 
square miles (12,378 acres), and the highest hill is 268 feet. 
(See map, fig. 1.) 

2. A subsidence of at least 80 to 100 feet took place at a 
period comparatively recent (geologically speaking), by which 
the Greater Bermuda was depressed below the level of the sea, 
for the most part, converting what were lowlands into sounds 
and bays, and changing the shore cliffs of the Greater Bermuda 
into a series of islands and reefs, corresponding to the present 
outlying reefs, most of which now, after a long period of 
erosion, hardly rise above the sea-level. The submerged reefs, 
as shown by the excavations for the dry dock, are composed 
of the sand-drifted rock to the depth of at least 50 feet below 
the present sea-level. This observation shows that the amount 
of sinking has been at least 50 feet. Other facts, referred to 
below, show that it must have been at least 80 to 100 feet.* 

3. The Greater Bermuda, as well as the present Bermudas, 
and also the submerged reefs and islands, so far as visible or 


* For a discussion of this (see pp. 324-327). 
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excavated, are composed of shell-sand drifted from the beaches 
and sandy flats by the winds in former times into hills and 
afterwards consolidated by infiltration and exposure to the 
atmospheric influences into what is known as zeolian limestone. 
A few local deposits of beach-rock, containing broken shells 
and corals, are the only certain exceptions to this.* 

4. The reefs do not consist of coral, but of wolian rock, 
made up of shell-sand with very little coral.+ The living 
corals, though abundant, constitute a mere coating over the 
surface of the reefs, and an imperfect coating at that. Nor do 
they contribute very much material to the sands or mud. 
The islands and reefs, though in the form of an atoll, do not 
form atrue atoll, buta psewdatoll. Although having the form 
of an atoll they are not coral reefs,—they are sunken wind- 
drifted sand-dunes. But they may, perhaps, rest on a founda- 
tion of coral rock, of earlier age, now deeply submerged. The 
living corals help to protect the reefs from rapid erosion. 

5. The white sand and mud of the bottom of the bays 
and sounds and of the beaches consist mainly of small mollus- 
can shells, mostly broken, with a few foraminifera and coral- 
lines, and a variable amount of detritus from the erosion of 
the cliffs. This is a matter that I consider of importance in 
the geology of the islands, because most of the writers have 
more or less misunderstood the nature of the material of these 
sands and their origin.t The limestones consist of the same 
materials. (See figs. 8, 9.) 

6. This shell-sand is constantly increasing in amount chiefly 
by the annual growth and death of small shells, as in former 
periods, so that the total mass of the islands is probably still 
increasing, beneath the sea. 

7. The periods of most rapid and extensive formation of the 
beach shell-sand and of the great sand-dunes that formed the 
hills of zeolian limestones were the periods of progressive eleva- 

* These deposits of beach rock are in some cases of very recent origin; others 
are of much earlier date; but all contain only existing species of marine shells. 
They are seldom more than 10 to 12 feet above high tide. The materials for such 
coarse beds may have been washed to that height, or even higher, in exposed 
places, by storms like that of last September. The ‘“‘ base rock ” so called appears 
to me to be only a part of the xolian limestone altered locally by infiltrations of 
calcite. (See p. 321.) 

+One reason for this is because most of the common reef corals at Bermuda 
are large massive species of Diploria, Meandrina, Orbicella, Siderastreu, and 
Porites astreoides, all of which attach themselves so firmly to the reefs that they 
are seldom broken off even by violent storms. Millepora is the most common 
branched and brittle form, and is the most common as fragments in the sands and 
limestones. The star coral (Obicella annularis) is common in large masses on 
the outer reefs. The larger 0. cavernosa is less common in the same places. 
Diploria forms hemispheres sometimes 5 or 6 feet across, and is abundant. No 
madrepores occur here. 

t See discussion of this on pages 328-330. 


320 =Verrill—Notes on the Geology of the Bermudas. 


tion and subsidence in which the elevation was intermediate 
between that of the Greater Bermuda and the present, or when 
the land stood from 30 to 60 feet higher than now, thus con- 
necting the extensive bays and sounds into great sand-tflats, 
more or less extensively covered by the tides at high water, 
and bordered by broad sand beaches laid bare at low water 
from which vast quantities of sand could be taken and carried 
inland by the winds. At present the sand-beaches are all of 
small extent. It is probable that the higher hills of the pres- 
ent land represent the older sand-dunes formed during the 
elevation of Greater Bermuda.* 

8. Erosion has occurred on a grand scale since the sub- 
mergence took place, cutting away the shore cliffs to a very 
great extent, converting many of the outer islands into mere 
platforms of rock, either a little below the level of the sea at 
low tide or just rising above it, and also occasionally leaving 
detached pinnacles of harder rock on the outer ledges and 
reefs, of which the most remarkable are the North Rocks (tig. 
11) which stand on a large flat submerged reef about 8 miles 
from the islands. They are clearly composed of seolian lime- 
stone, rendered hard by infiltrations of calcite. 

9. The rate of the erosion by the sea has been greatly exag- 
gerated by most writers. Data obtained by me indicate that it 
must have taken at least 25,000 to 30,000 years to accomplish 
the erosion of the high cliffs facing on Hamilton Sound, which 
is nearly land-locked. The data hitherto obtained applies 
better to the erosion of the cliffs of Hamilton Sound than to 
that of the outer cliffs. So far, we have not been able to get 
any reliable data for estimating the amount and rapidity of the 
erosion of the exposed cliffs, especially of those on the south 
shore where the erosion is most rapid and extensive. A care- 
ful comparison that I have made between recent maps and a 
good map published 274 years ago shows very little change in 
the size or outlines of the islands, , bays, and harbors since that 
time.t 

* A fuller discussion and more illustrations of this and other points of Bermu- 
dian Geology will be given in a more extensive paper, to be published in the 
Transactions of the Connecticut Acad. of Sciences, Vol. XI. 

+The map particularly referred to was made by Richard Norwood, before 
1622. ‘A mapp of the Sommer Islands, once called the Bermudas,” London, 
1626. Reprinted from an original engraving in the British Museum, by Governor 
Lefroy in ** Memorials of the Discovery and early Settlement of the Bermudas or 
Somer’s Islands,” London, 1877 (end of vol. I). A much less complete edition of 
this or an earlier map was published in 1624, in Capt. John Smith’s ‘“ General 
History of Virginia, New England, and the Summer IIs.” 

A later survey and map by Norwood, completed in 1663, has also been reprinted 
by Gov. Lefroy, in the work cited, p. 644, but the shore lines are much coarser 
and less accurate in the latter, which was made mainly with reference to the 
transfers of land and the boundaries of estates. See additional discussion of the 
maps, p. 324. 
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10. A process of secondary infiltration of the rocks with 
solutions of calcium bicarbonate and the deposition of calcite, 
thus filling the pores more or less completely and hardening 
the rock much beyond its original condition, is a very 
important factor in Bermudian geology as affecting both the 
littoral and subeerial erosion. There is good evidence that this 
has taken place extensively, not only at the surface but at a 
considerable and variable depth below the surface of the rocks, 
at levels corresponding to the variable upper limits of the zone 
of aqueous saturation, where the evaporation of the water and 
periodical sinking of the water level would cause such a deposit 
to form. As all the porous rocks, up to the level of mid-tide, 
are saturated with sea water, on which the layer of fresh water 
rests,* this zone of calcification would alw ays be higher than 
that level and locally might be many feet above high-tide level 

11. Probably most of the so-called base-rock has been formed 
in this way, by the calcification of ordinary eolian limestones. 
Thus a “ base-rock ” of this kind would naturally be most often 
formed a little above high-tide level, wnderlying wnconform- 
ably the eolian limestones. This is the position in which 
this rock generally occurs, but it is also found at various other 
levels, as might be expected, and it is often lacking, both in 
natural shore-sections and in artificial ones.{ Similar ealcifica- 
tion of the rock may occur logally at or near the surface. 


Doubtless similar effects producing similar results have 
occurred at various levels and at various periods during the 
former changes in the elevation of the islands, for both eleva- 
tion and submergence were probably intermittent, with long 
periods of rest. 

Rocks exposed to the surf along the shores, both between 
tides and high up on the cliffs, become deeply pitted and honey- 


* Shallow wells and tanks have often been excavated on the islands, but when 
they go below mid-tide-level the water at the bottom is always salt or brackish, 
and the fresh water, which floats on the salt, can only be obtained fit for use at 
certain stages of the tide. 

+The ‘‘base rock” sometimes shows distinct eolian stratification, though it is 
more commonly nearly homogeneous and without stratification where best devel- 
oped. It is composed of shell-sand like the ordinary eolian rocks. I could not 
tind evidence that the so-called base rock represents a distinct period as explained 
in sections 4 and 5. Mr. A. Agassiz also failed to recognize them as a distinct 
formation, but Professors Rice, Tarr, and Stevenson all considered them a distinct 
deposit of earlier date than the ordinary zolian limestones, because they appear 
in some cases to underlie the latter. But if the above view of their origin be cor- 
rect, this does not indicate a distinct formation nor earlier period. 

¢ The rock found beneath the peat bog at Ireland Island at the depth of 50 feet 
has been described as ‘the ordinary base rock” with irregular upper surface, 
and also as an eolian limestone. In either case it was doubtless consolidated 
above sea level by infiltration. The more recent loose deposits (about 30 feet 
thick) above the peat were not consolidated and consisted of shell-sand, broken 
shells and massive corals and pebbles. Such materials at Bermuda do not seem 
able to consolidate into limestone beneath the sea. 
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combed and very jagged and rough, and at the same time very 
hard owing to infiltration of the surface and deposition of cal- 
cite in consequence of the evaporation of the water of solution. 
(See figs. 2, 3.) 

12. Infiltration and solidification of the rocks have also 
occurred on the surfaces of vertical cracks and along subter- 
ranean water passages, causing various local hardenings of the 
rock which become very evident during denudation. 

The formation of detached columns and pinnacles of rock 
by erosion, and especially of such places as Cathedral Rocks 
(tig. 5), is largely due in most cases to the previous local hard- 
ening of the rock along fissures that have served for the pas- 
sage of calciferous waters, causing the hardened portions to 
longer resist erosion. 

13. Subterranean erosion has taken place on a large scale, giv- 
ing origin to extensive caverns and water channels. (Figs. 5, 6.) 
The roofs of these have often fallen in, producing sinks, ponds, 
and marshes, large and small. Probably the basins occupied 
by Harrington Sound, Castle Harbor, and others similar in 
character were in large part excavated by subterranean waters 
when the land stood at its highest level.* But this action 
probably does not occur much, if at all, below sea level. 
Therefore if the deep passages among the reefs, and the deeper 
parts of the sounds (see map 1, areas I-VI), were made in 
this way, it would have required a former elevation of over a 
hundred feet above the present level. (See p. 326.) 

14. The “red soil” of Bermuda and other native soils are 
mainly the residue left after the destruction and solution of 
the limestones. Its formation has been a very long and slow 
process, for the amount of impurities in the limestone is very 
small—probably less than an average of 1 per cent. Some 
of this material in the Jimestone was probably of foreign 
voleanic origin (floating pumice and ash from the West Indian 
voleanoes perhaps), but some of it may have been derived indi- 
rectly from the ancient Bermudian voleano or from the craters 
represented by the Challenger and Argus Banks, which may 
have remained active much later than the main crater.+ 

*Tt is possible, however, that the central basins within the reefs were due in 
part to the original form of the volcanic summit, and correspond to several more 
or less separated and filled up craters of the ancient volcano, while the outer 
reefs may correspond to a certain extent with their more or less elevated margins, 
which may have been first occupied by ancient coral reefs now deeply submerged. 
Deep borings can alone determine this question. 

+ This refers to the possibility that some of the materials of the older xolian 
limestones may have been derived by rewashiog from preéxistent rocks, now sub- 
merged, which may have contained beds of voleanic ashes or pumice of local 
origin. No beds containing any notable amount of volcanic ashes are known to 
exist at present on the islands, but most of the limestones leave, after solution, a 
small per cent of grains of probable volcanic origin. 
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15. Probably the greatest elevation of the Greater Bermuda 
was coincident in time with the Glacial Period of North 
America and Europe. The same elevation of the northern 
regions of America and Europe which produced the Glacial 
Period, or was coincident therewith, also affected Bermuda, 
which lies only about 700 miles south of Nova Scotia, where 
the elevation was far greater in extent. (See p. 337.) 

16. The period of greatest subsidence was probably coinci- 
dent in time with the Post-Glacial or Laurentian period of sub- 
mergence on our coast. The subsequent small elevation, after 
the greatest subsidence, is supposed to have been only six to 
ten feet, while the coasts of Nova Scotia and northern New 
England have been elevated more than 100 feet since the 
greatest depression. This movement, also, was probably due to 
the same causes in both places. 

17. The climate of the Greater Bermuda was warmer, more 
windy, and more moist than at present, so that certain West 
Indian species have become extinct in Bermuda, but are found 
as fossils in the old limestone, mingled with other species stil] 
common on the islands. The storms were probably more 
severe, owing to the proximity of the glaciated American 
coast, and consequent sharper contrasts in temperature. (See 
p- 338.) 

18. The visible Bermudas, and also the Greater Bermuda, 
rest on the hidden summit of an ancient voleano. This ancient 
volcano is conical in form and rises over 15,000 feet above the 
bottom of the surrounding deep-sea. The slope of this sub- 
merged voleano is exceedingly steep, thus indicating its vol- 
canic nature, which is confirmed by very unusual local magnetic 
variations about the islands.* These variations indicate the 
presence of large masses of iron-bearing volcanic rock at no 
great depth below the surface. 

This voleaniec cone probably had a considerable elevation 
above the sea, but was cut down to or below sea level by the 
waves to form the foundations of the Greater Bermuda. 

19. Two other similar, but smaller, peaks lie a few miles to 
the southwest of Bermuda, and form what are known as Argus 
Bank and Challenger Bank,+ both having, in general, from 20 
to 40 fathoms of water over their surfaces, but Argus Bank 

* See Voyage of the Challenger, Narrative, I, p. 140: “The observations mad 
by the Expedition showed that the variation differed in various parts of the 
island as much as 6°, ranging from 4° W. to 10° W., the smallest amount being 
found at a small islet just under the lighthouse on Gibb’s Hill, and the greatest at 
the point on the west side of Clarence Cove.” Such variations do not exist at sea, 
a few miles from the islands. 

+The nearest is the Challenger Bank. It lies 13 miles 8, 50° 14’ W. from 
Gibb’s Hill light. It is about 10 miles in circumference. The distance from the 
100 fathom line of Bermuda to its inner edge is not over four miles. 
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rises in one place to within 8 fathoms of the surface of the sea. 
These two peaks and Bermuda are connected together by a 
ridge, covered with water only 580 to 690 fathoms deep, while 
the surrounding sea, on all sides, is over 2,000 fathoms deep. 
The submerged slope of the Bermuda Mountain, on the north 
side, is steeper than that of any known large voleano upon the 
dry land. It falls off 1250 fathoms in 6 miles. That is at the 
rate of about 1250 feet to the mile. The slope of the Argus 
Bank is, on one side, 7620 feet in 10 miles. (See fig. 4.) 
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FiGuRE 4.—I. Sectional diagram of submerged slope northward from North 
Rocks (N); 

II. The same southward from Castle Harbor (C). 

III. Sketch map showing the situation of Argus Bank (A); Challenger Bank 
(C); and southwestern epd of the Bermudas; Somerset Island (S); Ireland 
Isiand (I); Main Island or Bermuda (B. I.); Hamilton town (H); a, 3, line of the 
section shown in IV. 

IV. Section through Somerset Island (S), Challenger Bank (C), and Argus 
Bank (A), along the line a, b, in ITT. 

All soundings are given in fathoms. 


Evidences of Subsidence. Figs. 1, 5, 6. 


In making the excavation for the great dry dock at Ireland 
Island a bed of peat was found, containing cedar stumps in a 
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vertical position at 45 feet beneath the sea, and below this 
zeolian limestone or “ base rock.” In the peat bed were found 
shells of the snail (Pwetlozonites Bermudensis), still living, 
and the bones of birds (undetermined). 

Among other facts indicating subsidence are the various 
caverns with large stalactites and stalagmites now depressed 
more or less below the level of the sea and filled with sea 
water, which is said to be at least 40 feet deep in some of 
them. The stalactites descend into the sea water in some 
cases, The Walsingham caves are of this description and there 
are others quite as remarkable. Devil’s Hole, in which great 


FiguRE 5,—Cathedral Rocks on Somerset Island. This appears to be the 
ruins of an ancient cavern and water passages which have been partly broken 
down and dissected by the sea. The roof has partly fallen down. The columns 
are hardened by infiltration and roughly pitted. 


numbers of fishes are kept confined, is such a cavern from 
which the roof has fallen away. The sea water in it is said to 
be 40 feet deep. 

Some of the existing peat bogs are said to extend to the 
depth of 45 feet beneath sea level, and to contain very large 
cedar stumps. Such deposits cannot be formed here except 
above sea level, for, owing to the porosity of the rocks, all 
depressions below the sea level become filled with sea water. 
Thus these peat bogs afford evidence of submergence, for the 
peat consists of the remains of various terrestrial plants. 

The evidence of still greater subsidence is derived from the 
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depth and character of the various more or less enclosed bays, 
sounds and harbors, and of the channels leading out from 
them. It is considered highly probable that these depressions 
represent valleys of erosion that were excavated on dry land 
at the period of the greatest elevation of the Greater Bermuda. 
At that time the extent and elevation of the land must have 
been such as to have given rise to violent torrents of water 
among the hills during the rainy seasons ; such torrents would 
have acted in the usual way, but many of them may have dis- 
appeared in “sinks” in the valleys, before reaching the sea, as 
many large streams do in the limestone regions of our southern 


FigurE 6.—Chasm and natural bridge on Cooper’s Island. This appears to 
have been an ancient underground water-way, now partly submerged, from which 
a part of the roof has fallen. 


states (West Virginia, ete.). In that case they would have 
eroded subterranean channels and caverns which eventually 
would have collapsed producing larger and deeper sinks, until 
finally their deepest channels would have cut down nearly to 
sea level, and the depressions or valleys of erosion would in 
some cases have become nearly as deep. At present the land- 
locked Harrington Sound, in its deepest parts, is 80 to 95 feet 
deep. There are many places in Great Sound, Murray Anchor- 
age, and other parts of the bay within the reefs, where the 
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depth is from 50 to 80 feet or more.* Some of the narrow 
passages in the outer reefs have similar depths. They are now 
apparently filling up by the accumulation of the shell-sands on 
the bottom. This must certainly be the case in Harrington 
Sound and Great Sound, where there are not sufficient tidal 
currents or storm waves to carry away even fine mud. In faet, 
everywhere over the bottoms of the enclosed sounds the 
accumulations of recent soft calcareous shell-sand and mud is 
far in excess of the amount carried away mechanically and by 
solution combined. Possibly the currents may be sufficient, in 
the main ship channel, to carry away the detritus and prevent 
filling up rapidly, but they are not sufficient to effect erosion 
of the bottom. 

Therefore it is reasonable to conclude that all such depres- 
sions give evidence of former erosion above the sea and conse- 
quently of later snbmergence to the extent of their greatest 
depth or more. 

These sunken areas, within the outer reef, are identical in 
character and depth with’ Harrington Sound, which they often 
exceed in size. The latter has also a deep subterranean outlet 
into Castle Harbor, besidgs its shallow outlet at Flat’s Village. 
Were the high ridges sont Se Harrington Sound eroded to the 
level of the reefs, it would agree in every way with such areas 
as II, III, or V, except that it is rather deeper. 

The bottom outside the outer reefs is covered with rough 
ledges or broken masses of limestone to the depth of 150 feet 
or more, and the slope is gradual to 300 feet or more. This 
zone represents, most likely, the shore ledges, beaches, and 
shallow waters of Greater Bermuda. If se this zone of rough 
bottom would indicate a submergence of at least 150 feet, 
which is by no means improbable. 

The present very uneven surfaces of Argus and Challenger 
3anks are like those of Bermuda, and indicate erosion when 
they stood above sea-level. Some considerable parts of their 
summits are now 180 to 240 feet beneath the sea; other parts 
(Argus Bank) are only 8 feet. Erosion by waves on such 
sunken banks would be a levelling process and does not extend, 
even in great storms, with noticeable effect, more than 120 
feet below the sea-level.t Hence it is probable that they have 
subsided at least 240 feet since they were eroded. 

* The most important of these are represented on the map (Fig. 1) by the 
areas shaded with coarser parallel lines (I-VI). The deep narrow passages lead- 
ing out from these and sometimes (as at X) running under the reefs, are num- 
bered VII-XV. 

+ George’s Bank and Nantucket Shoals, off Cape Cod, maintain themselves in 
the face of the most violent storms. Although composed only of loose sand and 
gravel, their shallowest parts rise to within 25 to 30 feet of the sea-level. This 
indicates that the abrading action of the waves decreases very rapidly even at 
such depths. 
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Reélevation of the Bermudas. Fiq. 7. 
e 


The evidence in regard to the reélevation of the islands 
after their greatest depression is not entirely conclusive. 
Professor Rice adopted the view that such an elevation, of 
small amount, has taken place, but Mr. Agassiz took the oppo- 
site view. At most, the elevation was not over 12 to 15 feet. 

The evidence depends partly upon the existence of local 
beach deposits, containing existing marine shells, at various 
localities, as at Ireland Island, described in detail by Professor 

tice. The most elevated beds of this kind are not over 15 
feet above the sea. Mr. Agassiz suggests that such deposits 
could have been thrown by storm waves to such heights, and 
therefore that they do not prove elevation. This is no doubt 
true in exposed situations, but some of these beds are situated 
in partially sheltered harbors where such violent wave-action 
would probably not occur. It appears to me probable that part 
of these beds were made just below sea-level, or between tides, 
and therefore do actually give evidence of elevation. That 
they are not more extensive and general may be due partly to 
the abruptness of the shores in most places, and partly to sub- 
sequent erosion. Still we should expect to find many such 
deposits around the low shores of the land-locked bays and 
lagoons, where they are not known to exist, had such a general 
elevation taken place, even to the extent of 5 or 6 feet. 

Another reason for thinking that an elevation of several feet 
has occurred is the peculiar character of the erosion on many 
of the cliffs, for a second very marked plane of maximum 
erosion can often be observed 6 to 10 feet above the one situ- 
ated at or a little above the present high-tide level. In many 
ceases the cliffs are thus undercut at two levels. In other cases 
cavernous places or “ovens” of large size have been excavated 
entirely above the reach of ordinary waves. This is the case 
on the islands in land-locked Harrington Sound as well as in 
more exposed situations. It seems hardly probable that ocea- 
sional severe storms could effect this kind of erosion at such 
elevations. (Fig. 7.) This upper zone of erosion has appar- 
ently been mostly removed by subsequent erosion on the more 
exposed cliffs, especially on the south side. 


Nature and Origin of the White Sands. Figs. 8, 9. 

Most writers have spoken of the white sand of the beaches 
and lagoons as “coral sand.” Mr. A. Agassiz considered it as 
chiefly derived from the erosion of the limestone rocks of the 
shores. If this were the case, it would imply a rapid decrease 
in the total mass of the islands, for much of the finer sand and 
mud in shallow water is stirred up by storms, and then is con- 
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stantly carried away by waves and currents into deep water. 
Mosley was, I think, the first writer who stated that the sand 
is chiefly composed of shells* and that the same is true of the 
limestones. 


Figure 7.-——Cliffs of seolian limestone on the North shore, showing two 
strongly marked planes of erosion, the upper one several feet above high-tide 
level. The honeycombed rocks are hardened by infiltrations and coatings of 
calcite. 

Our party dredged up large quantities of the sand and mud 
in various depths in Harrington Sound ; Castle Harbor; Mur- 
ray Anchorage, Bailey Bay; and in the main Ship Channel, 
down to depths of 50 feet or more. A large amount was 
brought back for careful study. 

All these samples, whether coarse or fine, consist mainly of 
mollusean shells, mostly of small species, and badly broken up, 
especially in the finer varieties (fig. 8). 

More than 50 species of small shells, in fresh condition, have 
been picked out from a small part of this material. The most 
abundant species are small bivalves of many kinds, but small 
gastropods, such as Cerithium, Turbonilla, Cwcum, and Ris- 
soide are also abundant, and of many species, as well as various 
larger forms in the coarser samples (fig. 9). With the shells 
are a number of species of Foraminifera, but these are not 
abundant. There are also, in the coarser samples, a very few 
bits of broken branched corals (chiefly Millepora), and a few 
fragments of calcareous algw, sea-urchins, bryozoans, ete., 

* Notes by a Naturalist on the Challenger, p. 19, 1879. 
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together with a few small fragments of olian limestone and 
particles of coal and cinders from steamers. 

The shells, on the average, constitute about 80 to 90 per 
cent of the whole mass ; limestone detritus perhaps 5 per cent. 

The shells are mostly recently dead. Their generally broken 
condition (fig. 9) is due to the fact that they have mostly been 
swallowed and passed through the intestines of the large sea- 
urchins (Zoxopneustes), and two species of large holothurians 
(Stichopus), which are very abundant everywhere on these 
sandy bottoms, and whose large intestines are always found 
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Figure 8.—Sample of shell-sand from off Bailey Bay in 4 fathoms. x 14. 
Figure 9.—Shell-sand from main Ship Channel, in 6 fathoms. x 14. 


filled with the sand. Many of the abundant smaller fishes 
also feed largely on the shells, as do some of the crabs. All 
these creatures, and others, are in fact continually at work kill- 
ing and breaking up the shells, large and small. Such mol- 
lusks are, however, very prolific and mature rapidly, so that 
they are able to keep up their customary numbers. 


Subcrial Erosion. 


In the Bermudas, owing to the equable climate and absence 
of frost, the phenomena of erosion and subeerial disintegration 
of the rock is very much simplified, as compared with Europe 
and the greater part of North America. There is every 
reason for believing that the present conditions have continued 
for an immense period of time, without much change in this 
respect. Therefore observations that would give a fairly accu- 
rate measure of the present average rate of disintegration of 
the limestone would be of great value in determining the time 
required for the great changes that have taken place in past 
time. So, likewise, we might, by a careful study of the forma- 
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tion of the “red soil,” as a decomposition product, or insoluble 
residue left after the solution of the limestone, be able to esti- 
mate approximately the total age of the dry land of the Ber- 
mudas. At present we can only say that this process of 
accumulation of the red soil is an extremely slow one. It 
probably requires the destruction of at least 200 feet of lime- 
stone to form one foot of soil. Probably the amount of this 
native soil on the island, if evenly distributed over the surface, 
would amount to at least two feet. Though there are large 
tracts where the average depth of soil is not over six inches, 
and also tracts of nearly bare rock, there are depressions and 
valleys between the hills where it is many feet deep. This 
light soil is easily washed from the hillsides into the valleys 
by the heavy rains, unless it be closely covered by grass or 
some other vegetation. On the contrary, as there are no 
brooks or streams of fresh water, comparatively little of it is 
carried into the sea and wasted.* Hence it follows that unless 
these limestones disintegrate with unusual rapidity, it must 
have taken a very long period to form even one foot of soil. 
Some data that I obtained by examining the ruins of the old 
stone forts on Castle Island and others, built before 1620, 
show an unexpectedly slow rate of disintegration of the ordi- 
nary limestone used in the walls and buildings. This was con- 
firmed by observations made at other places. These data 
would make the average rate of suberial disintegration for the 
harder eolian limestones to be less than an inch in a century. 
This would require 240,000 years for the destruction of the 
200 feet of limestone necessary to form one foot of soil. 

But there are, in many places, areas of much softer limestones 
which decay far more rapidly and furnish soil much more 
freely. Such tracts of soft limestones have, by their decay 
and solution, given origin, in many cases, to the sinks, ponds, 
marshes, and caverns that abound on the larger islands. But 
many of the softer limestones when exposed to the air, as in 
the road cuttings, become, in a few months, very much harder 
and resistant to decay. It is rare to find in the extensive road- 
euts any great portion of the nearly perpendicular side-walls 
that have fallen away by decay. 

My observations, therefore, on this point, though not very 
satisfactory and far too few in number, point to a great 
antiquity for the Bermuda limestones,+ though recent in a 

* This was probably not the case in the time of the Greater Bermuda, for tor- 
rents and large subterranean streams probably existed then, owing to the larger 
expanse of high land. s 

+ Doubtless investigations carefully made as to the rate of excavation of the 
caverns by solution of the rock, and of the rate of formation of stalactites, would 
show the same thing, for some of the Bermuda caverns, now partly filled with 
sea water, are of considerable extent and depth, with large stalactites that extend 
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geological sense. It would, in fact, appear that the age of the 
older or greater Bermuda must be as great as the Glacial 
Period at least. 

Littoral Erosion. Figs. 2, 3, 7. 


The same result was arrived at from a study of the rate of 
erosion by the waves, as shown on the masonry of the cause- 
way leading to St. George and in other places. This rate of 
erosion was found to be unexpectedly slow, under ordinary 
conditions, owing to the absence of ice and frost, and because 
there are no deposits of hard sand, gravel, and pebbles on the 
shores, which the storm waves might pick up and use as tools 
of destruction, by dashing them against the bases of the cliffs 
and against each other, as they do on our rocky coasts.* It is 
only during the severe storms and hurricanes, which oceasion- 
ally oceur, that much erosion is accomplished. 

Most observers, seeing the evidence of great erosion on all 
sides, and considering the softness of the rocks, have naturally 
supposed that the erosion has taken place far more rapidly than 
is the case. 

The causeway between the main island and St. George’s was 
completed in 1871. It was about a mile long, and well built 
of native limestone blocks of large size. It was wide enough 
for two or three carriages abreast. It included an iron draw- 
bridge and several smaller bridges under which were strong 
tidal currents, flowing in and out of Castle Harbor. It was so 
situated in the passage between the islands that it was partly 
sheltered, and ordinarily it would not be exposed to the full 
violence of storms. By an examination of the masonry of this 
causeway at several places I found that during the 27 years 
that it had been built the erosion by the sea rarely amounted 
to an inch in depth, where most active, and the average erosion 

yas less than half an inch, between tides; most of this, also, 
had evidently been effected within the first few years after its 
far below the surface of the sea water. It is said that the salt water is 40 feet 
deep in some of the partly submerged caves. The sinks and ponds, that are 
believed to be due to the falling in of the roofs of large caverns, also give evidence 
of a very long period of disintegration that must have preceded the great subsi- 
dence, for such caverns must have been excavated while above the sea-level. 

* On the coast of Maine and at Grand Menan Island, Bay of Fundy, the frost 
every year throws down from the high basaltic cliffs vast quantities of angular 
blocks of hard trap rock, large and small, These are tossed about, smashed 
together, and dashed against the base of the cliffs, rolling up and down the slope 
of the beach with every storm-wave, with a thunderous noise, audible for many 
miles, so that in a few months they become round paving stones and small pebbles. 
The smoothing of their surfaces is aided by the coarse gravel and sand mixed 


with them. 

Nothing of this kind can occur at Bermuda, where the fragments of soft lime- 
stone are quickly crushed and broken by the waves until nothing is left but soft 
calcareous sand and mud, with very little erosive power. 
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erection, before the stones had acquired their hard superficial coat 
of infiltrated calcite. It is true that these stones were selected 
from the harder beds of limestone and therefore had more than 
the average resisting power, but, as a matter of fact, after any 
of the soft limestones become infiltrated by calcite the surface 
is about equally resistant, so that the differences in power of 
resisting erosion by the sea, between tides, is much less than it 
would otherwise be. 

Allowing the average to be even one inch in 25 years, it 
would have required at t least 25,000 to 30,000 years for the sea 
to have eroded the high perpendicular cliffs facing on Harring- 
ton Sound to the extent that they have been eroded. And yet 
these cliffs are far more sheltered than the causeway, for Har- 
rington Sound is completely landlocked, with such a long and 
narrow channel connecting it with the outer bay, that it has 
scarcely any tide,—less than a foot. It is only two miles wide, 
so that no great seas can be formed in it, even in severe storms. 

I have compared the causeway erosion with that of these 
sheltered cliffs, because a comparison with the cliffs on the 
exposed shores, especially with those on the south side, against 
which the storm waves dash with incredible violence,—would 
be far less justifiable. In fact, I did not obtain any reliable 
data as to the rate of erosion of the exposed cliffs of the south 
shore, except the observation that on Castle Island the ancient 
sea-walls of the forts were often built with their foundations ona 
shelf of limestone some distance below the original brow of the 
seaward cliffs, and they have not yet been undermined, but stand 
firmly where they were apparently put about 275 years ago. 
Some stairs cut out of the solid cliff-rock, in early times, going 
down to the water, are also still serviceable, but I could not 
learn the exact date of their construction. In fact, these old 
works, as well as the early representations of them, indicate 
that this very exposed small island has not been eroded to any 
noticeable extent during 275 years. 


Hurricanes. 


During a violent hurricane last autumn (Sept. 12) the entire 
causeway, described above, was utterly demolished, scarcely 
one stone having been left on another. The vast seas that did 
this destruction came in from the southeast through the nar- 
row passage between Castle Island and the other islands that 
protect Castle Harbor on the south side, and then, after driv- 
ing through the shallow water and between the numerous reefs 
of Castle Harbor, they still had sufticient power to overthrow 
this substantial wall of masonry. The same storm destroyed 
nearly all of the stone docks and retaining walls in St. George’s 
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harbor, and damaged many buildings there. At Ireland Island 
it nearly destroyed the extensive breakwater that protected the 
dry dock. It did immense damage in other ways, all over 
the islands. Many of the cedars and other trees were blown 
down and others were badly broken. 

A single storm like this probably effects more in the way of 
eroding the high cliffs than a hundred years of ordinary 
weather would. It would not surprise me to learn that parts 
of the old fortifications on Castle Island had been undermined 
and swept away by that storm, nor that some of the North 
Rocks had been overthrown. The local (Bermuda) papers re- 
ferred to the seas in this storm as washing over the cliffs on 
the south side, where they are over 50 feet high, and carrying 
with them large blocks of stone and other detritus to points 
far above high-water mark. Snch a storm, therefore, by wash- 
ing up over the dry land large quantities of broken shells, 
corals, stones, etc., may easily produce deposits of “ beach 
rock” overlying beds of eeolian limestone, far above the sea- 
level, and thus produce a deceptive appearance of elevation of 
the land.* 


Early Maps and Sketches. 
Another way in which we can get some idea of the rate of 


erosion of a coast, and of changes in level, is by comparing 
early maps, when reliable ones exist, with recent ones. For- 
tunately the Bermudas were carefully surveyed soon after they 
were settled (1612) by a competent surveyor, Richard Norwood, 
who resided there many years. His survey was mostly made 
between 1615 and 1622. His completed map, dated 1622, and 
engraved in Amsterdam, was published and for sale in London 
in 1626; and this seems to be the best edition of it, for the 
outlines are engraved clearly and with care. (See p. 315.) 
Two other editions were published about the same time. A 
later careful survey was made about 1730 by Lempriere, whose 
first edition I have not seen. It was republished in “The 
West Indian Atlas,” by Thos. Jeffreys, London, 1780. 

I have carefully compared these early maps with the most 
recent Admiralty charts and with other maps made during the 
past century. The changes in outlines are very slight. In some 
cases small bays or coves have been converted into lagoons by 
the formation of sandbars across the mouth. In other cases 
such bars have apparently been washed away, converting a 
small lagoon into an open cove. _These are phenomena that 
are common on all sandy shores, and may take place during a 
single severe storm. 

* A similar severe hurricane occurred here just 60 years earlier (Sept. 11, 


1839). Other remarkable hurricanes are recorded as having occurred in 1619 (two 
in November); 16th Aug., 1629; 1668, (no date); Oct., 1780. 
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But there is evidence from these early maps that no changes 
in level of appreciable amount have taken place during 275 
years, nor any notable decrease in the size, even of the smaller 
islands, by erosion. Had any change of level taken place, it 
would have produced marked changes in the size and form of 
the shallow lagoons and bays with low shores, such as Mullet 
Bay. But the ancient maps correspond remarkably well with 
the modern ones in respect to the size and form of all such 
bodies of water. 


Figure 10.—Facsimile of the reverse of the ancient seal of the Bermuda Com- 
pany, engraved on the border of Norwood’s map of Bermuda, published in 1626. 
It shows the wreck of May’s vessel in 1593, alongside of North Rocks, which 
then appeared much as at present. Enlarged 14 times. 


On the Norwood map of 1626, in the two lower corners, are 
engravings of the seal of the original Bermuda Company. On 
the reverse side of the seal (fig. 10) there is a view of a wrecked 
vessel alongside of two high rocks, which are easily recognized as 
the two main North Rocks. The vessel, with broken masts, 
stands upright between the largest rock and a small one that 
exists to the right and is therefore concealed by the hull of the 
vessel. In a photographic view (fig. 11) taken several years ago 
by Mr. Hyle, of Bermuda, a man stands where the vessel 
stood and the two views are apparently from nearly the same 
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point. The two rocks in the sketch are represented as nearly 
equal in height, but now one is decidedly lower than the 
other. 

This ancient sketch, imperfect as it naturally is, corresponds 
remarkably well with the outlines of the rocks, as seen in the 
photograph. This proves that these rocks have undergone but 
little change in general form since the early settlement of Ber- 
muda, for this seal was probably engraved as early as 1615-18. 


Figure 11.—North Rocks. From a photograph taken by Mr. J. R. Hyle, 
previous to 1884. 
The sketch was very likely made by Mr. Norwood for this pur- 
pose, for he was a man of good ability as a draughtsman, and 
was making his first survey in 1617. The scene probably com- 
memorates the wreck of a French vessel on the 17th of Nov., 
1593, on board of which was one English seaman, Henry May, 
who published after his escape to England, in 1594, an account 
of his experiences and a fairly good but brief description of 
these islands, which, up to that time, were known in England 
only as dangers to be carefully avoided. Part of the crew of 
this vessel were saved (about 26 persons), and they subsequently 
brought ashore their provisions, tools, and the fittings of the 
vessel “before she split.” They remained on the islands five 
* That this sketch does not represent the wreck of the “Sea Venture,” with 
Sir George Somers, Sir Thos. Gates and their party, July 28, 1609, is evident, for 
according to the narratives of Somers and others of his companions, their vessel 
went aground on the southeast side of the islands, within about a quarter of a 
mile of the shore, and they landed at a bay then named Gates Bay from Sir Thos. 
Gates. No other important wrecks occurred about that period, so far as known. 
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months, while they built a small vessel (18 tons} of native cedar 
wood, with which they sailed to the Banks of Newfoundland 
and joined the fishing fleet and were thus taken back to 
Europe. 

May, in his narrative, states that when they went ashore, in 
the night, they supposed they were on the shore of the island, 
because of the “hie cliffs,” but in the morning they found that 
they were seven leagues away from it. He also says that after 
building a raft they towed this ashore “astern of their boat,” 
and that “we rowed all the day until an hour or two before 
night yer we could come on land.” 

Historians and others have been misled by this statement and 
have even imagined that they must have been wrecked on some 
far more distant island which has since been worn away or sub- 
merged.* But it is evident that May meant that it was seven 
leagues as they had to row, for they could not cross the reefs 
at that point, in the surf, and must have rowed along outside 
of the reef till they reached the present ship channel and there 
entered the bay and landed, probably on St. George’s Island. 
This would have caused them to row about seven leagues and 
would doubtless have taken all day with the boat heavily laden 
and towing a raft astern. He mentions that there were wild 
hogs there at that time, showing that they must have been 
introduced there at an earlier date, perhaps accidentally from 
some wreck, but more probably intentionally by some of the 
buccaneers, as was customary in those days. 

A comparison of several photographs taken at various times 
within the past thirty years, shows but little alteration in these 
North Rocks, but some very severe storm may suddenly over- 
throw them. They are situated near the extreme edge of the 
outer reefs, about eight miles from the islands. They stand on 
an extensive patch of flat reef, part of which is laid bare by 
low tides. They are 15 or 16 feet high and are evidently the 
remains of an island of considerable height and extent that has 
been nearly worn away to the sea-level by erosion. But the 
evidence from the ancient seal indicates that the erosion even 
in this exposed situation has not been rapid, though these rocks 
seem to have decreased somewhat in height. 


Correlation with geological changes on our coast. 


Professor Rice thought it possible to compare the changes of 
level at Bermuda with those of the American coast. Mr. 
Agassiz considered it useless to try to do so, mainly, it appears, 
because of the voleanic nature of the substructure. How- 


* See Lefroy, Memorials, vol. I, p. 9. Also, Jones, Recent Observations in the 
Bermudas. 
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ever, there is no evidence of any volcanic activity in this region 
during several geological periods and therefore this considera- 

tion may have no importance.* In regard to the probable cor- 
relation, I differ materially from Professor Rice, for I consider 
that the period of greatest elevation was coincident with the 
great continental elevation of the Glacial Period, that affected 
the northern parts of America and Europe and doubtless, also, 
the intervening bed of the North Atlantic. As Bermuda is 
only about 700 miles south of Nova Scotia, where the eleva- 
tion was very great, it is natural that the same movement, in 
less degree, should have affected Bermuda. The same corre- 
spondence in the periods of Post-glacial subsidence and reéleva- 
tion would be expected to have occurred. So far as I could obtain 
data to indicate the duration of present and past conditions of 
erosion, they confirm this view. No doubt it would be possible 
for a resident geologist to obtain much more complete evidence 
as to the rate of erosion of the Bermuda cliffs than I could 
obtain by a very brief study of the subject, but my results 
may be of some value in the absence of something better. 


Changes in Climate. 


That the climate of Bermuda was warmer during the Glacial 
Period than at present is inferred because the great elevation 
of the northern parts of Europe and America, “together with 
the whole bottom of the intervening North Atlantic, that 
occurred at that time and the southward extension of the shore 
ice of boreal regions, would have diminished the flow of the 
Gulf Stream into the Arctic regions and confined it more to 
the central parts of the North Atlantic. This is confirmed, 
also, by the existence of large West Indian shells, as fossils, in 
— that are probably of glacial age, on the coast of North 

Carolina, far north of their “present range, and north of the 
latitude of Bermuda. So, also, a large living West Indian 
shell (Zivona pica) is a common fossil in the Bermuda lime- 
stone, although it no longer lives north of the Bahamas, so 
far as known. Its shells were doubtless carried inland by the 
large land hermit-crabs (Cenobita diogenes).+ These crabs still 
continue to occupy the same shells, for the fossil shells weather 
out of the soft limestones all over the islands and are quickly 
selected hy the crabs for protection. (Fig. 12.) In the older 
limestone a large fossil land shell (Pwcilozonites Nelsoni), 
peculiar to the islands and now, extinct, is often abundant, 

* Earthquakes are rare in Bermuda. I have found but two mentioned: one 
June 25, 1664; one Feb, 19, 1801, neither of which did much damage. 

+ In the Yale Museum there is a fossil crab of this species found in the Ber- 
muda limestone many years ago by J. Matthew Jones. 
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associated with other smaller land shells that are still living. I 
have taken these land shells from such a rock, exposed only 
at low-water mark, in Bailey Bay. This large land shell was 
probably exterminated by the climatic changes due to the par- 
tial submergence of the land and consequent changes in the 
vegetation. 


FIGURE 12.—Land Hermit Crab (Cenobita diogenes) in a fossil shell of Livona 
pica, 4 natural size. Drawn from life by A. H. Verrill. 
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Art. XX XI.—Some Boiling Point Curves; by C. L. SPEYERS. 


In several preceding papers* the equation 


n  p—p' 
Nin” p 


was used to get at the molecular weights of liquids in homo- 
geneous liquid mixtures and apparently with success, since the 
values so obtained were altogether reasonable. 

On the other hand, knowing the molecular aggregations of 
the constituents in a homogeneous mixture of two liquids, it is 
possible to plot the boiling point curve of such a mixture. 

For example, the boiling point curve under 760" Hg of a 
mixture of carbon tetrachlorid and benzene is caleulated in the 
following way. The molecular weights of these liquids are 
probably normal. Wherefore, since N+ = 100, the above 
equation becomes the equation to a straight live for each con- 
stituent and the vapor-pressure plot of the mixture is a straight 
line which has the vapor-pressures of the two pure constituents 
for its terminals. Fig. 1 shows the vapor-pressure plots of the 


900 mm, 


800 mm. 


700 mm. 


ct, 600 mm. 


600 


mixture at different temperatures. The abscisse give the 
molecular percentages of carbon tetrachlorid; the ordinates 
give the pressure in mm Hg. The data were taken from 
Winkelmann.t At 81° the vapor pressures of carbon tetra- 
chlorid and of benzene are both above 760™" and at 76° their 
vapor pressures are both below 760", so that the boiling tem- 
perature of this mixture lies between 76° and 81°. Laying off 
the compositions given by the several lines at the points where 
they intersect the horizontal pressure line of 760™", the points 
shown by ~ in fig. 2, plot I, are obtained, giving the theoretical 

* Journ. Phys. Chem., ii, 347, 362, 1898; Journ. Am. Chem. Soc., xxi, 282, 


725, 1899. 
+ Handb. d. Phys, II®, 812, 814. 
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60° 


boiling point plot. The data recently obtained by Haywood* 
are shown by dots. 

The boiling point curve for a mixture of chloroform and 
carbon tetrachlorid has been plotted, plot II of tig. 2, under 
the assumption that these liquids have normal molecular 
weights in this mixture, an assumption which is allowable since 
each has a normal molecular weight in benzene.t The experi- 
mental values are given by Thayert and marked as before by 
dots, the theoretical values being denoted by «. The agreement 
is good except at the beginning, but Thayer’s chloroform 
boiled at a considerably higher temperature than that given by 
Winkelmann quoting Regnault. 

The boiling point curve for a mixture of benzene and chloro- 
form has been plotted in fig. 3, the theoretical values and the 


UW He 


experimental values by Haywoodt are marked as in fig. 2. 
The agreement is not good, but when a correction is made for 
the boiling point of chloroform, the agreement becomes better. 

A more complicated boiling point curve is that of the mix- 
ture of benzene and ethyl aleohol. From Lehfeldt’s data§ it 
seems probable that the molecular weights of both alcohol and 
of benzene are quite complex in this mixture. The tempera- 
ture of Lehfeldt’s experiments was 50° C.,so that to use the 
values obtained at this temperature at a so much higher tem- 
perature as the boiling temperature of the mixture means to 
introduce an error, but the error seems to be inappreciable. 
The curve is shown in fig. 4, the same marks being used to 
distinguish between theory and observation as before, the 


* Journ. Am. Chem. Soc., xxi, 994, 1899. 

+ Journ. Phys. Chem., ii, 347, 1898; Journ. Am. Chem. Soc., xxi, 282, 1898. 
t Journ. Phys. Chem., iii, 317, 1899. 

§ Phil. Mag., xlvi, 42, 1898. 
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observed values being those of Thayer.* The agreement is 
fair but can be improved. Referring to the figures of a pre- 
ceding papert+, it may be noticed that in the toluene and alco- 
hol mixture, the molecular weight of each solute approaches 
the normal value when the mixture is dilute with respect to 
that solute, but that in the benzene and alcohol mixture, the 
molecular weight of each solute keeps very high even when 
the solution is dilute with respect to that solute. Moreover 
that two observations on the vapor pressure of benzene point 
to a normal molecular weight for alcohol in dilute solution, but 
since these observations are so far from the others, at the time 
of writing the paper, they could not be given any weight. 
Not so now. Thayer’s data point very directly to these two 
observations being much nearer the truth than the neighboring 
ones. Wherefore it seems allowable to assume that the molee- 
ular aggregation of ethyl alcohol in benzene is about the same 
as in toluene and that the molecular aggregation of benzene in 
ethyl alcohol is about the same as that of toluene in ethy] 
alcohol. Values calculated on this assumption are marked by 
1 in fig. 4. 


60° 
90 CoH, OH 


When the two constituents of homogeneous liquid mixtures 
have normal molecular weights for all concentrations, the boil- 
ing point curves will be straight lines when 


where Bo Pp. denote the vapor pressures of the two constituents 
and ¢,, ¢,, denote the corresponding temperatures. When 


dp, ap, 
dt, dt, 


then the boiling point curve is convex towards the axis of 
abseissee provided P.> P, but when p, <p,, then the boiling 
point curve is concave towards this axis. 

In no ease should a mixture have a minimum boiling point 
when both constituents have normal molecular weights at all 


* Journ. Phys. Chem., ii, 382, 1898. 
+ Speyers, Journ. Am. Chem. Soc., xxi, 282, 1898. 
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concentrations. Only when one or both constituents have 
abnormal molecular weights in a mixture, can the mixture 
have a minimum boiling point. But even then the mixture 
need not have a minimum boiling point. For when the vapor 
pressures of the two pure constituents are very different then, 
if the constituent with higher vapor pressure is the associated 
one, the vapor pressure of the other constituent may not be 
high enough at any concentration to prevail over the diminish- 
ing vapor pressure of the associated constituent. On _ the 
other hand, when the constituent with lower vapor pressure is 
the associated one, then a minimum boiling point is to be 
expected even though the vapor pressures of the two pure con- 
stituents may be very different. Yet it is possible in this case 
also that the mixture should have no minimum boiling point. 

When the two constituents are both associated, then the 
mixture should have a minimum boiling point in general, but 
not always, for it is possible for the associating powers of the 
two constituents to be alike, in which case a change in 
concentration would make no difference in the numerical value 
of n/(p—p’) and equation 1 would still remain the equation to 
a straight line. 

Equation 1 thus accounts for the boiling point curves of 
every mixture for which the partial pressures of the con- 
stituents are known at some one temperature not very far 
from the boiling temperature of the mixture under considera- 
tion. 

Rutgers College, Feb. 3d, 1900. 
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Art. XXXII.—The Action of Ammonium Chloride upon 
Natrolite, Scolecite, Prehnite and Pectolite; by F. W. 
CLARKE and GEORGE STEIGER. 


In our last paper upon the ammonium chloride reaction,* 
we showed that analcite and leucite, when heated to 350° with 
this reagent in a sealed tube, both yielded the same compound, 
ammonium leucite, NH,AISi,O,. We also showed that the 
reaction was not limited to these minerals, but that it was fairly 
general in character; and that with other species analogous 
results could be obtained. We now have data relative to four 
more minerals, and these exhibit a range of variation which 
well illustrates the availability of the method for investigations 
into the chemical constitution of silicates. Three of the 
species now studied have previously been regarded by one of 
us as analogous in structure, provided that all or part of their 
water can be interpreted as constitutional ; and the formule 
assigned were as follows: 

Scolecite Al, (SiO,),CaH,. H,O 


Al,(SiO,), Ti, 


Two of these formule must now be abandoned, because of the 


experimental evidence which we have obtained. We may first 
study the three species individually. 


Natrolite. 

In our former paper we reported a crude, preliminary experi- 
ment made upon impure, yellowish natrolite from Aussig in 
Bohemia. After heating with ammonium chloride in a sealed 
tube and subsequent leaching with water, 17°56 per cent of 
soda was extracted, and in the residue 8-29 per cent of ammonia 
was found. Natrolite, therefore, was a suitable mineral for 
further investigation; and our expectations regarding it have 
been fully confirmed. 

The material available for our new experiments came from 
the well known locality at Bergen Hill, New Jersey, and con- 
sisted of a mass of slender needles densely matted together. 
Part of the uniform, ground sample was analyzed, with frae- 
tional determinations of the water, and part was used for the 
sealed tube experiments, precisely as in the research upon anal- 
cite and leucite. Three of these experiments were made; and 
in each case the natrolite was mixed by grinding in an agate 


* This Journal, February, 1900, 
Am. Jour. Sc1r.—FourtH Series, Vou. IX, No. 53,—May, 1900. 
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mortar with four times its weight of dry ammonium chloride, 
after which it was heated to 350° in the sealed tube. Even 
during the grinding a slight reaction took place, and a distinct 
smell of ammonia was given off by the mixture. With pecto- 
lite the same smell was perceived. The three experiments 
may be summarized as follows: 


A. Heated 11 hours. Upon leaching, 14°89 per cent of soda and 
1:20 of lime were extracted. In the residue 9°26 per cent of 
ammonia was found. 

B. Heated 9 hours, Leach not examined. 9°26 of ammonia in 
residue. The complete analysis of the residue is given 
farther on. 

C. Heated 3 hours. 14°09 per cent of soda and 0-20 of lime were 
extracted. The residue contained 8°87 per cent of ammonia. 
In this instance the heating was relatively brief, in order to 
learn whether its duration could be advantageously lessened. 
The reaction was evidently less complete than in experiments 
A and B. 


In the subjoined table we give first the analysis of the natro- 
lite itself, and then that of the leached residue from experi- 
ment B. In the latter we found that 0°86 per cent of silica 
was soluble in sodium carbonate solution; and that soda and 
lime remained corresponding to 4°61 per cent of the original 
mineral. Deducting these impurities, together with the 0-42 
per cent of hygroscopic water, and recalculating to 100 per 
cent, we get the reduced composition of the residue. In the 
last column is given the calculated composition of an anhydrous 
ammonium-natrolite, (NH,),Al,Si,O,,.. This compound has 
evidently been formed to an extent represented by over 94 
per cent of the leached natrolite residue. The agreement 
between theory and even the unreduced analysis is practically 
conclusive on this point. 

Natrolite Residue Residue 
found. _ reduced. calculated. 
54:06 
30°43 


H,O above 100° .. 10°18 


100°38 100°00 


It may not be superfluous to note that the water given in the 
last two columns represents the difference between ammonia 
and the hypothetical ammonium oxide which has replaced soda. 


9°26 9°85 10°14 
at 100° ...... 39 42 
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Two other experiments upon natrolite remain to be noticed. 
First, the fresh mineral was boiled for 15 minutes with a 25 per 
cent sodium carbonate solution ; 0°72 per cent of silica dissolved. 
Similar treatment of ignited natrolite took out 0°62 per cent. | 
No silica is split off by ignition. Ammonium-natrolite before 
ignition yielded 0°85 per cent of soluble silica, and after igni- 
tion 0°86 per cent. Here again no silica had been split off 
from the molecule, and practically none was liberated by the 
action of the ammonium chloride upon the natrolite. A 
simple, direct substitution of ammonium for sodium had 
occurred. 

Scolecite. 


On account of the well-recognized analogy between natrolite 
and scolecite, the latter mineral seemed to be peculiarly worthy 
of examination. The specimen at our disposal was a mass of 
stout, radiating needles, which was collected by one of us at 
Whale Cove, on the island of Grand Manan, New Brunswick. 
Scolecite, we believe, has not hitherto been recorded from this 
locality ; and on this account alone the material deserved atten- 
tion. 

Three sealed tube experiments were carried out, essentially 
as in the case of natrolite, as follows : 


A. Heated 10 hours at 350°. 13°74 per cent of lime and 0°35 of 
soda were taken out. The residue contained 8°78 per cent of 
ammonia. 

B. Heated 10 hours at 370°. 12°97 of lime and 0°22 of soda were 
extracted. 8°48 per cent of ammonia in the residue. On 
account of the excessive temperature of this experiment, 
some reversion of the converted material had taken place. 

C. Heated 5 hours at 340°-350°. Leach not studied. 8°91 per 
cent of ammonia in residue. 


Analyses of the scolecite and of residues B and © are given 
below.’ The less perfect transformation in the case of B is 
evident. 

Scolecite. Residue B. Residue C., 
53°39 53°69 
30°51 30°50 

*62 "42 

undet. "29 

8°48 8°91 
H,O above 100°. .... 13°65 6°28 6°52 


100°02 100°02 100°45 


The product of the reaction is plainly the same as that 
obtained from natrolite, and the identity in type of the two 
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species is perfectly clear. This fact is further emphasized by 
an experiment upon the solubility of silica. The fresh scole- 
cite gave up 0°36 per cent of silica to sodium carbonate solu- 
tion, and the ignited mineral yielded only 0°50 per cent. 
Again, natrolite and scolecite behave in the same way. 

Upon both minerals fractional determinations of the water 
were made, and the amount lost at each temperature was noted. 
The results, expressed in percentages of the original minerals, 
were as follows: 

Water lost. 


Temperature. Natrolite. Scolecite. 

“40 

8°51 

72 

12 


Or at or 
LO Oro bo 


10°57 14°05 


Seolecite contains one more molecule of water than natrolite, 
and that amount, one-third of its total, seems to go off ata 
lower temperature than the other two molecules. Otherwise 
the two series of experiments are probably not far apart, and 
they indicate that the water is in neither case constitutional. 
The same conclusion is suggested by the existence of the 
anhydrous ammonium compound, the three formule being as 
follows : 

Scolecite CaAl,Si,O,,. 3H,O 

Al Si 0... 2H,O 

Ammonium natrolite - (NH, ), "Al, ‘Si ‘0... 


The parallelism is ais and all three compounds are 
evidently salts of an acid H,Si,O,,, which is probably ortho- 
trisilicie acid, Si,O,(OH),. The second anhydride of this acid, 
H,Si,O,, would be the ordinary trisilicie acid of orthoclase and 
albite; a relation which is certainly suggestive. We do not, 
however, care to enter upon the question of chemical structure 
in this paper, and we therefore leave the subject for fuller con- 
sideration at some future time. It is clear, however, that 
orthosilicate formule for natrolite and scolecite must be dis- 
carded. 


Prehnite. 


The prehnite taken for examination was an old specimen 
from Paterson, New Jersey. The analysis, with fractional 
water determinations, is given below. 


1¢ 
1§ 
Ir 
F 
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Analysis. Fractional water. 


At 350° 

Incipient red heat. 
Full red heat 

Over blast 


100°11 


With sodium carbonate solution, 0°38 per cent of silica was 
extracted from the fresh mineral. From the ignited prelnite, 
1°22 per cent was taken out. Very little silica, therefore, is 
liberated by ignition. 

Two determinations were made of the action of ammonium 
chloride, as follows : 


A. Heated 8 hours. On leaching with water, 1°31 per cent of 
lime and 0°17 of alumina dissolved. 

5B. Heated 12 hours. 1°41 per cent of lime was extracted, and in 
the washed residue 0°22 per cent of ammonia was found. 


Prehnite, therefore, differs widely from natrolite and scole- 
cite in its behavior with ammonium chloride. Very. little 
action takes place, even upon long heating to 350° in a sealed 
tube, and practically no ammonia is absorbed. The water is 
more firmly held than was the case with the other two minerals, 
and is almost certainly to be regarded as constitutional. The 
orthosilicate formula for prehnite is unaffected by these results, 
and may stand as fairly probable. Prehnite cannot be corre- 
lated with natrolite and scolecite on any basis of similar chem- 
ical structure. 

Pectolite. 


In the first paper of this series* we described a number of 
experiments upon pectolite, in which we showed that it was 
almost undoubtedly a metasilicate ; but the action of ammo- 
nium chloride upon it was neglected, as having been studied 
already by Schneider and Clarke.+ In their experiments 
upon pectolite from Bergen Hill, which was nearly identical 
in composition with our “sample, a triple heating in an open 
crucible with ammonium chloride removed 20°50 per cent of 
lime, 6°95 of soda, and 0°54 of manganous oxide; or about 
two-thirds of the total amount of bases. present. In our last 
paper we reported a preliminary experiment by the sealed tube 
method, and found that 20°72 per cent of lime and 6°46 of 


* This Journal, October, 1899. 
+ Bulletin No. 113, U. S. Geological Survey, p. 34 
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soda were taken out, while 1-44 of ammonia was retained by 
the residue. Here again two-thirds, approximately, of the 
bases, had been converted into chlorides by the reaction. The 
open crucible and the sealed tube gave essentially the same 
results, although the retention of ammonia was not noticed by 
Schneider and Clarke. 

In order to obtain further light upon pectolite we continued 
our experiments with the sealed tube method, and have 
obtained very variable results. All of the heatings with 
ammonium chloride were conducted at 350°, and the pecto- 
lite used was from the same Bergen Hill specimen which 
served us for our previous work. Our data are as follows; 
including for convenience of comparison the preliminary 
experiment which was cited above. 


A. Heated 6 hours. On leaching, 20°72 per cent of lime, 6°46 
soda, and 0°11 alumina dissolved. The residue contained 
1°44 per cent of ammonia. 

Heated 6 hours. 20°10 percent lime and 5:80 of soda extracted. 
1°45 per cent ammonia in the residue, The residue was also 
examined for silica soluble in 25 per cent sodium carbonate 
solution (on 15 minutes boiling), and 43°38 per cent was found. 

C. Heated 6 hours. Soluble portion neglected. The residue con- 
tained 2°23 per cent of ammonia and 61°79 per cent of solu- 
ble silica. The full analysis of this residue is given later. 

D. Heated 10 hours. A complex breaking up of the pectolite 
took place, and leaching with water extracted the following 
percentages : 


The residue from this leaching contained 39°63 of soluble 
silica, but ammonia was not determined. 


These results are so irregular that definite conclusions can 
hardly be drawn from them. <A and B agree fairly with each 
other, and also with the earlier work of Schneider and Clarke. 
C contains more ammonia, but differs widely from B as to the 
amount of soluble silica in the residue. D, which represents 
a long heating, indicates a more complete reaction than was 
observed in either of the other cases. 

An ammonium compound, however, is evidently formed 
during the reaction, although its precise nature cannot be 
determined from the evidence now in hand. Something may 
be inferred from the following figures, which are to be sum- 
marized thus: First, we reproduce from our earlier paper 


23 
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the analysis of the pectolite itself. Secondly, we give the 

analysis of the insoluble residue obtained in experiment C. 

The third celumn of figures is obtained by subtracting from 

the second column 61° 79 of soluble silica and 1°18 of hygro- 

scopic water, and recalculating the remainder to 100 per cent. 

The fourth column contains the molecular ratios calculated 
from the third. 

Residue Residue 

found. reduced, Ratios. 

629 

‘002 

"454 

009 

‘079 

"349 


1°399 


100°10 100°58 100°06 


These ratios roughly suggest the formation of a salt approxi- 
mating in composition to the formula R’ ,Ca,Si,O,.6H,O, in 
which R’ is about two-thirds ammonium and one-third 
sodium. Pectolite itself has the formula NalCa,Si,O,; so 
that the existence of a hydrous ammonium pectolite is indi- 
cated ; a conclusion which is probable, but not proved. The 
reaction between pectolite and ammonium chloride is possibly 
simple at first, but followed by or entangled with secondary 
changes which obscure the results. The experiments are 
interesting, however, as showing how widely pectolite differs 
from the other minerals which we have studied, as regards the 
ammonium chloride reaction. The general investigation is to 
be continued, and we hope to take up next the more important 
lime-soda zeolites. 


Laboratory U. S. Geological Survey, 
Washington, March 1, 1900. 
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Art. XX XIII.—Siliceous Calcites from the Bad Lands, Wash- 
ington County, South Dakota; by S. L. PENFIELD and 
W. E. Forp. With Plate V. 


THE siliceous calcites from Fontainebleau, sometimes called 
Fontainebleau limestone, are well known objects to the min- 
eralogist, and specimens are to be found in many cabinets. 
They consist of calcite enclosing from fifty to sixty per cent 
of sand, and were early described by Lassone* and Haiiy.t+ 
Specimens of almost the same character as those from Fon- 
tainebleau have recently been found in the Bad Lands of 
South Dakota, and have been sent to New Haven for exami- 
nation by L. W. Stilwell of Deadwood, South Dakota, and Mr. 
Geo. L. English of New York. Our attention has also been 
called to the oceurrence by Prof. E. H. Barbour of Lincoln, 
Nebraska, and, as he has expressed his intention to visit the 
locality, he will doubtless be able to furnish interesting infor- 
mation concerning the mode of occurrence of the crystals. 
The specimens sent by Mr. English consist of a representative 
suite of handsome cabinet specimens for the Brush Collection, 
together with abundant material for study, and thanks are due 
to him for his generosity. A quantitative examination of a 
typical specimen was made, and indicated that the material 
consists of about forty per cent of calcite enclosing sixty per 
cent of quartz sand. In the region of the Bad Lands of 
Dakota, whence the crystals come, the White River sandstone 
is a very abundant rock and consists of sand grains cemented 
together by calcareous material. Evidently the crystals in 
question represent a phase of sand cementation in which the 
crystalline form of the calcite is preserved. This kind of 
cementation might take place, for example, in a sand deposit 
wet with water carrying calcium carbonate in solution. The 
calcite crystallization may be conceived to go on, until crystals 
of a certain size have been produced, the calcite material grow- 
ing about and enclosing the sand grains, and then it seems 
necessary to consider that the crystallization ceased, owing to 
changed conditions, for otherwise an ordinary solid ‘sandstone 
with calcareous cement would result. The partial wearing 
away of such a sand deposit in which crystallization had taken 
place would then expose the crystals. 

An interesting feature of the siliceous calcites from the new 
locality is the ‘peculiar shape of the crystals. The crystals 
from Fontainebleau have the shape of the rhombohedron, 
f, 0221, —2, fig. 5, p. 263 of Dana’s Mineralogy, which is a 

* Mem. d. l’acad. royal. Paris, 1775, p. 65. 
+ Traité de Mineralogie, vol. i, p. 424, 1822. 
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common and typical development for calcite. Those from the 
Bad Lands, however, are steep hexagonal pyramids, somew hat 
barrel-shaped and with rounded ends. Fi ig. 1, from a photo- 
graph, represents a complete crystal, natural size, and gives a 
good idea of the general shape of the specimen and the char- 
acter of the grain. As usual with photographie representa- 
tions of erystals, however, the edges are not very well defined, 
and the pen and ink sketch, fig. 2, has been introduced to 
bring out with greater distinctness the hexagonal character. 

In a rhombohedral species a hexagonal pyramid must be a 
pyramid of the second order, and that the crystals from the 
Bad Lands are of this character may readily be told by exam- 


1 2 3 4 


| 


ining their ends before a strong light, when, on turning the 
erystals, it will be found that the flash or reflection from the 
rhombohedral cleavage of the calcite is only caught when the 
alternate edges of the pyramid are toward the light. With the 
aid of a lens no difficulty is experienced in observing the cal- 
cite, filling the interstices between the quartz grains, and in 
detecting ‘its cleavage. Pyramids of the second order are 
seldom observed in calcite, even as small faces in complex com- 
binations, while crystals showing the hexagonal pyramid alone, 
or with but slight modifications are exceedingly rare. Calcite 
crystals from Rhisnes, Belgium, having the pyramid y, 8°8°16°3, 
as the prevailing type and only slightly modified by other 
forms have been described by Cesaro,* “and the er ystals from the 
Bad Lands are undoubtedly rounded modifications of this same 


* Mem. de l’acad. roy. d. Belgique, xxxviii, p. 1, 1886. 
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rare pyramidal form. Fig. 3 represents the pyramid 8-8-16°3, 
without modification, and ‘if the siliceous ealeites were origin- 
ally of this shape it is evident that by corrosion and weather- 
ing the acute terminations would rapidly become rounded, 
while by a little wearing away of the horizontal middle edges 
a barrel-shaped form similar to fig. 2 would result. Fig. 4 
represents a combination of the py vramid y, 8°8°16°3, with e 
rhombohedron 7, 1011 and the base e, 0001, described and 
figured by Cesiiro, and by only a very little corrosion and 
weathering of such a combination a rounded shape like fig. 2 
would result. 

The crystals from the Bad Lands occur at times singly, but 
more often grown together in groups, the latter at times of 
considerable size. The accompanying half-tone plate will give 
some idea of the size and character of the specimens. The 
crystals have evidently formed in a bank or deposit of strati- 
tied sand, for, as shown by the upper, left hand erystal and the 
central group in the plate, the original bedding of the deposit 
may be detected running through the crystals in directions 
which have no relation to their crystallographic symmetry. 
The central group resembles a somewhat weathered clay-stone 
concretion, or the sculpture forms resulting from the corrosion 
of some stratified sandstones; it has, however, the crystalline 
character of the other specimens, although the shapes of the 
crystals have been nearly obliterated by excessive weathering. 
The sand in the specimens is, for the most part, of a nearly 
uniform grain, the grains averaging from about $ to $"" in 
diameter, and being well rounded. Occasionally there occur, 
imbedded along with the finer sand, large, rounded grains, true 
quartz pebbles, measuring as much as a centimeter in diameter. 
One specimen, the lower right hand one of the plate, is a verit- 
able pudding stone, yet in spite of the coarseness of grain the 
pyramidal forms are well developed. The crystals have a gray 
color almost exactly like that of the Fontainebleau specimens. 


Sheffield Laboratory of Mineralogy and Petrography, 
Yale University, New Haven, April, 1900. 
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ArT. XXXIV.—Studies in the Cyperacew ; by THEo. HOLM. 
XII. Segregates of Carex jilifolia Nutt. (With eight 
tigures in the text.) 


WHILE engaged in a study of the alpine flora of the Rocky 
Mountains in Colorado last summer, we noticed a small Carex, 
which showed such a striking resemblance to //yna spicata, 
that it required a careful analysis of the flower to decide 
whether it was this plant or, really, a Carer. It was unlike 
any other which we had seen heretofore in the mountains, but 
it oecnrred so abundantly on some bald mountain tops, that we 
never suspected it to be a “species nova.” However, when we 
commenced to work up the material, it was soon learned that 
our plant was an old acquaintance, but that it had been placed 
under Carex filifolia Nutt. as a variety: miser (sic!) Bail. It 
never occurred to us that this plant could be in any way a 
form or variety of C. filifolia, and since the so-called variety 
“valida” of this same species from lower elevations was also 
in our collection, we felt induced to study them in order to 
find out how far they were related to each other. The result 
of our investigation is, that we can by no means look upon 
these plants as representing one species, nor being varieties, 
since they exhibit not a few distinct morphological characters, 
besides that, we have, also, found some important differences 
in their anatomical structure. 

In later years anatomical studies have become very useful 
not only to the classification of plants in general, but also in 
view of the species themselves. And in a genus as large as 
Carex the morphological characters are often so indistinet and 
unimportant that it seems quite necessary to take the two 
together. The anatomical literature already possesses several 
works upon the structure of Carices, which may be seen from 
our references in previously published articles in this Journal. 
In the present case it is our intention to show how very 
important distinctions may be drawn from the structure of 
species which, viewed morphologically, were once considered as 
only one type with two varieties. 

As regards Carex filifolia Nutt. this species is by Professor 
L. H. Bailey* placed under the Spheridiophore of Drejer,t+ 
as a member of Tuckermann’s “ /i/ifoliw,’t and next to Carex 
scirpoidea Michx. However, it is readily seen by compar- 

* Bailey, L. H.: A preliminary synopsis of North American Carices (Proceed: 
Am, Acad. Arts and Sciences, 1886, p. 122). 


+ Drejer, S.: Symbol Caricologice. Kjébenhavn, 1844, p. 9. 
¢ Tuckermann, Edw.: Enumeratio methodica Caricum quarundam. 1843, 


356 T. Holm—Studies in the Cyperacee. 


ing these two species, that the latter does not show any 
relationship to C. jilifolia, but that it may be more naturally 
placed among the “ Montanw” of Fries,* and as one of the 
“forme hebetate” of that section, as already pointed out by 
Drejer (I. ¢.). Carex filifolia is, on the contrary, one of the 
Filifolie Tuckm., and constitutes together with our C. ely- 
noides, the only representatives of this group in North 
America. But it is, on the other hand, not so very certain 
whether the “ /ilifolie” are really to be placed under the 
Spheridiophore, at least not if we emphasize this section as it 
was originally proposed by Drejer. This author does not 
attribute such characters to the Sphwridiophora as are included 
by Professor Bailey (I. c.). 

Drejer does not speak of a “perigynium, firm or hard in 
texture, hairy or scabrous,” but “ perigynium membranaceum, 
pube hirsutie vel tomento vestitum,” of which only the first 
character, the membranaceous perigynium (utriculus) is applic- 
able to C. ilifolia. Moreover, Drejer describes the bracts as 
“ membranaceze nervo dorsali excurrente herbaceo,” which is 
not recognized by Professor Bailey, and which does not apply 
to C. filifolia either. The description of the utriculus: 
“rostro apice subbilobo” by Drejer is by Professor Bailey 
translated as “ bifid.” In other words, the Sphwridiophore of 
Drejer are not identical with the section of the same name by 
Professor Bailey. Therefore, Professor Bailey does not hesi- 
tate to place the broad-leaved, stoloniferous Carex scirpoidea 
Michx. side by side with C. filifolia, to which it shows no 
resemblance whatever. 

The systematic position of Tuckermann’s “ /iifolie” yet 
remains to be settled, and these, no doubt, represent a group 
just as peculiar and isolated from the other Carices as is the 
case with the remarkable Carew Frasert Andr. We must at 
present content ourselves in recognizing the /7%/ifoliw as a sec- 
tion rather than a subsection, and it may be of some service to 
further studies, when we in the following pages present a brief 
discussion of a species, which seems to be very closely related 
to C. filifolia, while eliminating another, which was formerly 
considered as an ally of this species. These segregates of 
Carex filifolia Nutt are: 

Carex elynoides Holm (fig. 1). 
(C. filifolia Nutt. var. miser Bail., not C. miser Buckl.) 


Rhizome densely cespitose; culm 5 to 8™ high, stiff, terete, 
suleulate, glabrous; leaves for the most part longer than the 


* Fries, Elias: Summa vegetabilium Scandinavie. Upsala, 1846. Sectio I, 
p. 70. 
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FigurE 1.— Carex elynoides, fruiting and flowering specimen; natural size. 
FIGURE 2.— Carex oreocharis, natural size. 

Figure A.—Scale of the male flower of C. elynoides, enlarged. 

Figure B.—Scale of the female flower of same, enlarged. 

Figure C.—Scale of the male flower of C. oreocharis, enlarged. 

FiGuRE D.—Scale of the female flower of same, enlarged. 

Figure E.—Utriculus of same, enlarged. 

Figure F.—Utriculus of same, enlarged. 
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culm, stiff, filiform, scabrous, their sheaths light-brown, persist- 
ing, not fibrillose; spike one, androgynous, few-flowered, 1 to 
13° long; scales of male flowers ovate-lanceclate (fig. A), red- 
dish-brown, the midrib pale, not excurrent ; scales of female 
flowers (fig. B) broadly obovate, minutely pointed from the 
excurrent midrib, reddish-brown with narrow membranaceous, 
hyaline margins; female flowers three or four; utriculus mem- 
bra..aceous (fig. E), obovoid, obtusely triangular in cross-sec- 
tion, with a distinct obliquely cut beak, ciliate above, at matur- 
ity longer than the scale; nerves two, not distinct ; caryopsis 
obovate, sharply triangular in cross-section ; rhacheola none ; 
stigmas ‘three. 

Habitat: Mountains near Pagosa Peak, ere Colorado, 
in extensive turf-like patches on ‘bald tops, at 1 2,000 feet (C. F. 
Baker). Very abundant on dry rocks at 12,000 feet: Mt. 
Kelso and Mt. Elbert, middle Colorado (the author). 

Differs from C. filifolia Nutt., especially in its dark, reddish- 
brown scales, which are narrower, and by the utricle, which is 
relatively longer, attenuated at both ends and glabrous except- 
ing the ciliate apex. Boott’s C. Lyon is distinct from this by 
its creeping rhizome, broader leaves and _linear-lanceolate, 
bidentate utricle. Carex affinis R. Br., which does not seem 
to be well understood, has been referred to C. filifolia by 


Boott, but later on to C. obtusata Liljebl. by the same author. 
Professor Bailey has, also, referred it to C. obtusata.* 


Carex oreocharis Holm (fig. 2). 
(C. filifolia Nutt. var. valida Olney, not C. valida Nees.) 


Rhizome cespitose, culm from 10 to 20™ high, stiff, some- 
what robust, terete, sulculate, glabrous; leaves shorter than 
the culm, 5 to 10° long, narrowly conduplicate, scabrous along 
the margins ; leaf-sheaths dark-brown, almost black, persisting, 
slightly fibrillose ; spike one, androgynous; male portion many- 
flowered, clavate, 1 to 14™ long, whitish and shining; scales 
oblong-lanceolate (fig. C), the “midrib not excurrent ; pistil- 
late flowers 3 to 7; scales (fig. D) ovate-acuminate sharply 
pointed, the lowest one leaf-like with a distinct awn from the 
excurrent midrib; utriculus membranaceous, broadly elliptic 
(fig. F), obtusely triangular in cross-section, with a short beak, 
minutely pubescent, two-nerved, but the nerves not distinct ; at 
maturity the utricle is longer than the scale, excepting the 
lower one; caryopsis nearly globular, obtusely angled ; rhach- 
eola distinct as in C. filifolia ; : stigmas three. 


* Bailey, L. H.: Studies of the types of various species of the genus Carex. 
(Mem. Torr. Bot. Club, vol. i.) 
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Habitat: Near Denver, Colorado (E. L. Greene). Common 
on dry rocks in the Aspen-zone at Long’s Peak, middle Colo- 
rado, at 8,600 feet (the author). 

Differs from C. jilifolia by its broader leaves, and more 
robust culm, but especially by the pointed scales and the pubes- 
cence of the utricle. 

These morphological characters may be supplemented by 
some others, derived from the internal structure of these 
species together with C. filifolia Nutt., in order to draw the 
specific distinction still more completely. The anatomical 
structure is as follows: 

The root. 

Inside the epidermis, which shows the usual structure, is a 
hypoderm of a single stratum large, thin-walled cells in C. 
jilifolia, or of thick-walled in C. oreocharis, or finally of three 
to four thin-walled strata in C. elynoides. The cortex is devel- 
oped as two very distinct zones, of which the outer consists of 
stereids, the inner one, on the contrary, of mostly thin-walled 
parenchyma, which shows the characteristic tangential collaps- 
ing, excepting the innermost stratum, which borders on endo- 
dermis. The thickness of these two layers seems to vary in 
these species, and we notice for instance in C. filifolia that the 
stereomatic portion consists of nine strata, while there are only 
four in the two other species. Moreover, in C. jilifolia the 
outer cortex is interspersed with rays of thin-walled paren- 
chyma, which do not show any signs of collapsing. The inner 
cortex is thin-walled throughout in C. elynozdes and C. filifolia, 
but in C. oreocharis only the five or six inner strata are thin- 
walled, the outermost four or five being distinctly thickened, 
but not, however, to such an extent as the stereomatic part of 
the cortex. The endodermis is thick-walled in Carex filifolia 
and elynoides, but not so in oreocharis. By examining 
the pericambium we find this as only one stratum in all three 
species, thin-walled in C. elynoides and C. filifolia, but thick- 
ened in C. oreocharis. This tissue, the pericambium, is in C. 
elynoides interrupted by all the proto-hadrome vessels, but not 
so in the two other species; in one root of C. jilifolia, for 
instance, six proto-hadrome vessels out of twenty-one had not 
broken through the pericambium, while in some thinner roots 
only one of these vessels out of sixteen bordered on endodermis. 
The leptome and the proto-leptome is very well developed in 
these species and arranged in alternation with the proto- 
hadrome. Some large vessels surround the innermost part of 
the central-cylinder, which is occupied by conjunctive tissue, 
especially thick-walled in C. elynoides and C. filifolia. In 
passing to examine 
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The stem, 


this is terete and hollow in all three species, suleulate in C. 
elynoides and C. filifolia, smooth in C. oreocharis; a few 
curved prickle-like projections are observable in C. félifolia, 
but in the two other species the culm is glabrous. The cuticle 
is smooth and very distinct. Epidermis thick-walled, except- 
ing those cells which contain the silicious cones, and which are 
observable outside the stereome. The stomata are level with 
the surrounding epidermis, and are not protected by any 
papilla, nor are the subsidiary cells raised above the guard- 
cells themselves. In the suleulate stems the stomata are, 
furthermore, equally distributed outside the cortex, without 
being confined to the bottom of the furrows, or along the sides 
of them. The cortex consists of palisades, radiating towards 
the center of the stem and shows wide lacunes in C. elynoides 
and (. oreocharis; in C. filifolia, on the other hand, the pali- 
sade-tissue is very compact and persisting. The stereome is 
very thick-walled in C. oreocharis, but not so in the other 
species; it occurs as hypodermal groups accompanying the large 
mestome-bundles, besides that it also covers the hadrome-side 
of these, bordering on the pith; the smaller mestome-bundles 
have but very little stereome on either face, separated from 
epidermis by the palisade-tissue. All the mestome-bundles lie 
in one peripheral band, larger alternating with smaller ones ; 
they are surrounded by a green, thin-walled parenchyma- 
sheath, inside of which we find the usual mestome-sheath, 
which is heavily thickened in C. oreocharis, less so in the 
other species. Some few strata of thick-walled mestome- 
parenchyma were observed between the leptome and hadrome 
at least in the larger bundles of all these species. The pith 
consists of a very thin-walled parenchyma which breaks down, 
leaving a wide cavity in the center of the stem. In comparing 
this stem-structure with that of the other Cyperacee in gen- 
eral, our species seem well characterized by possessing a terete 
and hollow stem, instead of a triangular and solid one as in the 
majority of the other species, at least in Carew. 


The leaf 


offers excellent characters by which these species may be 
readily distinguished from each other, and we find in C. ely- 
noides exactly the same leaf structure as we have observed in 
Elyna spicata. The broadest leaf is possessed by C. oreocharis 
from an elevation of 8,600 feet, and the narrowest by C. ely- 
noides from the high alpine slopes. The width of the leaf of 
C. filifolia from the foothills is intermediate between these 
two species. The leaf is not flat in any of these species, but 
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cylindric with a mediane groove in C. elynoides, and condupli- 
cate in the others. There are no furrows on the dorsal face of 
the blade and no papille from epidermis protect the stomata ; 
short, but pointed prickle-like projections from epidermis 
occur along the keel and the leaf-margins, but they are rela- 
tively few in number. The cuticle is very distinet, but not 
very thick, and it is perfectly smooth. Epidermis is thick- 
walled with the exception of the cone-cells, and viewed 
superficially we notice quite a considerable difference in the 
respective length of the cells outside the stereome and the 
palisade-tissue. In Carew elynoides and C. oreocharis the cells 
of epidermis outside the stereome are almost quadrangular 
with nearly straight radial walls, while they are rectangular 
with undulate walls in those strata which cover the mesophyll. 
Similar structure of epidermis is, as we remember, especially 
characteristic of the Graminew, in which, however, the short 
cells show often a stronger silicification than the others, besides 
they are frequently more or less fusiform in outline. In @. 
Jjilifolia epidermis shows no such modification. Stomata are 
present on the lower surface outside the mesophyll and near 
the margins on the upper; they show the same structure as 
described above for the stem. The upper face of the blade 
shows an epidermis of larger cells, and one row of true bulli- 
form cells were observed in C. oreocharis, just above the mid- 
rib ; in the two other species the epidermis-cells are uniformly 
developed, none being bulliform, but we find in these two 
species a secondary epidermis of small cells, which is especially 
distinct above the midrib. 

The mesophyll is developed in a very different manner in 
these species. In C. oreocharis it shows a distinet palisade- 
tissue, the cells of which are vertical on the blade; lacunes are 
to be found between the mestome bundles, but they are not 
very wide and do not extend to epidermis. In C. filifolia the 
palisade-tissue is compact and borders on a large colorless tissue, 
which occupies the upper part of the leaf, and which is broken 
down into two large lacunes, separated from each other by a 
narrow layer of green mesophyll above the midrib. In the 
leaf of C. elynoides we tind a relatively narrow palisade-tissue 
on the lower face of which several cells radiate towards the 
center of the mestome-bundles; the greater part of the upper 
face is occupied by an enormous mass of colorless tissue, which 
is partly broken down into a continuous, wide lacune. The 
stereome is more thick-walled in C. fi//folia than in the other 
two species. It occurs as hypodermal groups on both faces of 
the blade, accompanying the larger mestome-bundles in C. 
oreocharis, while the smaller bundles are only supported by a 
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few stereome-cells on the leptome- and hadrome-side separated 
from epidermis by the palisade-tissue. In C. elynoides and 
C. filifolia the stereome on the hadrome-side is separated from 
the upper epidermis by the colorless tissue, even in the largest 
mestome-bundles. Common to all three species are two mar- 
ginal, hypodermal groups of stereome on the upper surface of 
the leaf. The mestome-bundles occur as large and small ones, 
in regular alternation with each.other. There is a thin-walled, 
green parenchyma-sheath and a mestome-sheath with thickened 
inner cell-wall in all three species; in C. filifolia and C. oreo- 
charis there is, moreover, some few strata of thick-walled 
mestome-parenchyma between the leptome and hadrome, but 
not in C. elynoides. Tannin-reservoirs were not observed. 
Vtriculus. 

The structure shows a thick-walled dorsal epidermis and 
from one to six strata of colorless parenchyma between this 
and the ventral epidermis; in C. fil/folia the dorsal epidermis 
has developed a number of small, rounded, wart-like protuber- 
ances, besides many erect, sharply-pointed prickles, which 
abound near the apex of utriculus. Similar prickle-like pro- 
jections are, also, observable in C. oreocharis, but they are not 
so numerous, and no wart-like protuberances were observed. 


In @. elynoides the utricle is almost wholly glabrous. Two 
mestome-bundles are developed in utriculus and they are sup- 
ported by stereome, which, furthermore, occurs as isolated, 
hypodermal groups, about fifteen in each species. 


The rhacheola 


is very distinct in C. filifolia and C. oreochuris, and shows a 
very thick-walled epidermis, a compact cortex and _ three 
mestome-bundles near the center, each partly surrounded by 
groups of stereome. The rhacheola bears many pointed 
prickles near the apex, but in no case did we find any develop- 
ment of rudimentary leaves or flowers, which is, otherwise, 
not uncommon in Carex, though exceedingly rare in the mono- 
stachyous species. 

In summarizing the structural characters which we have 
noticed in these three species of Carew, it seems as if these are 
very distinct anatomically, notwithstanding the fact that they 
are all inhabitants of a dry soil, though at different elevation. 
Among the most prominent characteristics may be recalled the 
constant interruption of the pericambium by the proto-hadrome 
in C. elynoides, while in the other species some of these vessels 
are separated from the endodermis; the large colorless, lacn- 
nous tissue in the leaves of C. filifolia and C. elynoides in con- 
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trast to C. oreocharis, where the lacunes are much narrower 
and located in the palisade-tissue itself ; furthermore the well 
developed bulliform-cells in the latter species, while these are 
totally absent in the others. 

There appears, thus, to be several both morphological and 
anatomical characters by which these three species may readily 
be distinguished from each other, and which, moreover, seem 
to justify the separation of these plants as independent species. 
It would hardly be natural to consider, for instance, C. elynoides 
as a merely alpine variety of C. jfilifolia, since the latter is 
_ often an inhabitant itself of the alpine regions without chang- 
ing its usual habit to any considerable extent, at least not 
acquiring any of the peculiarities possessed by the former. As 
regards C. oreocharis, this cannot represent a variety either, 
inasmuch as it shows relationship to the “ J/ontanw” and may 
together with C. scirpoidea Michx. he counted among the 
“forme hebetatz ” of this subsection. 


Brookland, D. C., January, 1900. 
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Art. XXX V.—WMineralogical Notes; by Austin F. Rocers.* 


1. Gypsum.—The gypsum erystals described in this paper 
were obtained by the writer at Lebo, Coffey Co., Kansas. 
They occur as isolated crystals and groups in Coal Measure 
shales at a “strip-pit” coal mine located at the edge of town. 

Both simple and twinned crystals were found, but the latter 
are of especial interest because they appear to possess hemi- 
morphic-orthorhombic symmetry rather than monoclinic. In 
this respect they resemble gypsum crystals described by 
Pirssont from Girgenti in Sicily. Fig. 1, an orthographic 


projection of one of the twins with the clinopinacoid (010) as 
the plane of projection bears a striking resemblance to Pirsson’s 
figure, though some of the forms are different. The twinning 
plane and composition face is the ordinary one for gypsum, 
a(100)i-7. The following forms were observed : 

m (110) Z; b(010) Z(111)—13 x (203) 3-7; (133) 1-3 
The form y (203) is given by Goldschmidt in his “ Index der 
Krystallformen der Mineralien ” in the list of uncertain forms. 
As the faces are rather dull a contact goniometer was used for 
the identification of the forms. The results are as follows: 

Limits. Average. Calculated. 
Xax (203 203) 10 measurements 26°-27° 26°28’ 27° 00' 
133) 10 measurements 43° 20’-45°30' 44°25’ 44°48" 


Some of the simple crystals are very flat by extension of 
Z(111)—1. Fig. 2 represents a eruciform penetration-twin 
with the orthopinacoid (100) as twinning plane. Fig. 3 may 
be considered as the same with one part of the reversed crys- 


* Published by permission of the Director of the University Geological Survey 


of Kansas. 
+L. V. Pirsson, this Journal, vol. xlii, pp. 407, 408, 1891, 
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tal wanting. Figs. 2 and 3 are orthographic projections with 
the pinacoid (010) as the plane of projection. 

2. Calcite—In homogeneous crystal aggregates composed of 
individuals in parallel position the individuals are usually sim- 
ilar in habit. Those in which the individuals are different in 
habit seem to be of rather rare occurrence. Our general 
mineralogical literature contains descriptions and figures of but 
few such. An aggregate of this kind composed of calcite erys- 
tals is represented in fig. 4, which is an orthographic projec- 
tion with the basal pinacoid (0001) as the plane of projection. 
These specimens were collected by the writer (where they 
occur in cavities in limestone) at Argentine, Kansas. The 
crystal host, as it may be called, is light brown in color and ex- 
hibits the following forms, 7(1011)R; (0221)-2. Trunecating 
the polar edges of 7 are pseudo-rhombohedral faces of the 


negative rhombohedron —4, formed by oscillatory combination 
of the latter form with the positive unit rhombohedron. 
On each of the 7 faces is placed a flat colorless calcite crystal 
with the forms, (1011); ¢(0112) and an undetermined scaleno- 
hedron. The unit rhombohedron is the predominant form, 
while the negative rhombohedron and the scalenohedron which 
are not shown in the drawing, appear as very narrow faces the 
latter bevelling the basal edges of 7. The superimposed erys- 
tals are distinct crystals and may easily be removed from their 
host without damage to either. 

Another parallel aggregate composed of calcite crystals of 
different habit was found in limestone at Kansas City, Mo. 
On the top of the scalenohedron v (2131) with its shorter polar 
edges truncated by (0221) is placed a unit rhombohedron of 
the same mineral, their apices coinciding. The scalenohedron 
is covered with a thin brownish film while the rhombohedron 
is colorless and perfectly transparent. 

3. Caleite—Occurring in chalk in the western part of 
Kansas along the Smoky Hill river in Logan, Gove and Trego 
Counties, are veins of calcite in which are cavities lined with 
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crystals of the same mineral. Several such specimens in the 
University of Kansas Museum, the exact locality of which is 
unknown, furnish the following notes. The crystals examined 
are of three different habits: (1) the form e(0112)-4, large 
crystals with faces striated parallel to shorter diagonal of the 
faces ; (2) the form £(0221)-2, small to medium sized crystals ; 
(3) the third deserves more detailed notice. These crystals 
average about 5™™ in diameter and present the following 
uncommon forms: Z(0223)-% and y (0772)-3, represented in 
fig. 5. The faces are dull and a little rough so that no 
measurements were possible with the reflecting goniometer. 
Measurements with the contact goniometer were as follows: 


Limits. Average. Calculated. 
ZaZ (0223 , 0223) 6 measurements 56°-57° 30’ 56°35’ 56°50’ 
ZA X (02230772) 6 40° 30'-42° 41°08’ 40°31! 
The xy faces are triangular in shape and in consequence the 
embedded crystals with the Z faces partially concealed have 
somewhat the appearance of regular octahedra. 
Mineralogical Laboratory, University of Kansas. 
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Art. XXX VI.—The Hayden Creek, Idaho, Meteoric Iron ; by 
W. E. Hippen. 


THE mass of coarsely crystallized meteoric iron here 
described, was first brought to my notice by Mr. J. M. Parfet 
of Salmon City, Idaho. In a letter dated Oct. 3, 1895, he 
described its discovery as follows: “The piece of supposed 
meteoric iron, when first found, was just twice the size of the 
part [send you. It was kidney-shaped and in that condition 
would have been much more valuable (interesting), but the 
ai srs who found it at the hottom of a twelve-foot shaft, 

ayden Creek, Lemhi County, Idaho, just above the U. S. 


Section of Hayden Creek Meteorite, actual size. 


Agency ground, while prospecting for placer gold, wondered 
what he had found and went to work on it with a four- pound 
hammer. This he kept up at odd times for weeks while in 
camp, and the first time he came down to the agency shop, he 
laid it upon the lap of the anvil and with a fourteen-pound 
hammer succeeded in bending it one way, then turned it over 
and bent it the other; this he | kept up until he broke it in two. 
Finding it was not a nugget of gold, he had no further use for 
it and I got it from him for a trifle At the time it was 
broken the metal showed at the point of fracture to be almost 
silver-white and was quite pretty, but time has oxidized it con- 
siderably and it has lost its luster.” (Signed) J. M. Parfet. 
The above account sets forth the history of the smaller half 
of this meteorite. Since I recognized it at sight as true 
meteoric iron, and realized that half of it was missing or was 
probably in unappreciative hands, I at once began an inquiry 
for the missing part. Suffice it to say that it was, after many 
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months, traced to the Mineral Cabinet of Mr. Don McGuire 
of Salt Lake City, Utah; and was after much correspondence, 
secured by the writer. It is now intact and has not as yet been 
analyzed or very critically studied. Its weight is about nine 
and one-half ounces (av.) and it gives evidence of being rich 
in ferrous chloride (lawrencite). 

The length of the mass, with the two pieces placed 
together as closely as possible, is 78". Its greatest width is 
33™™ and its greatest thickness 20". It weighs 270 grams as 
a whole. The piece of which an engraving is herewith given, 
natural size, measures 20X51 55™" and weighs 160 grams. 

No other member of this “fall” has as yet been found, 
though the miners working in the neighborhood of its discovery 
have for several years been on the lookout for them in all the 
gravel workings. 

Newark, N. J., March 30, 1900. 
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Art. XXXVII.—Zzplorations of the “ Albatross” in the 
Pacific; by ALEXANDER AGASssIz. 


IV. 
[Letter No. 4, on the Cruise of the Albatross, dated Yokohama, Japan, March 5, 


1900, to Hon. George M. Bowers, U.S. Commissioner of Fish and Fisheries, 
Washington, D.C., by Alexander Agassiz. ] 


AFTER coaling and refitting we left Suva on the 19th of 
December, and arrived at Funafuti on the 23d, stopping on the 
way at Nurakita, the southernmost of the Ellice Islands. I was, 
of course, greatly interested in my visit of Funafuti, where a 
boring had been made under the direction of a committee of 
the Royal Society, in charge of Professor David, of Sydney, 
after the first attempt under Professor Sollas had failed. The 
second boring reached a depth of more than 1100 feet. This 
is not the place to discuss the bearing of the work done at 
Funafuti, as beyond the fact of the depth reached we have as 
yet no final statement by the committee of the interpretation 
put upon the detailed examination of the core obtained, and 
now in the hands of Professor Judd and his assistants. In 
addition to the above-named islands, we also examined Nuku- 
fetau, another of the Ellice Group. 

After leaving Nukufetau we encountered nothing but bad 
weather, which put a stop to all our work until we arrived 
under the lee of Arorai, the southernmost of the Gilbert 
Islands. On our way from Tapateuea we steamed to Apa- 
mama and Maiana, which we examined, as well as Tarawa. 
We next examined Maraki, an atoll which is nearly closed with 
high beaches, having only two small boat passages leading 
through the narrow outer land-rims. Both Maraki and Tari- 
tari, the last island of the Gilberts which we examined, are 
remarkable for the development of an inner row of islands 
and sand-bars in certain parts of the lagoon parallel to the 
outer land-rim, a feature which also exists in many of the 
Marshall Islands atolls. 

We reached Jaluit the 9th of January, and after a few days 
spent in coaling, we spent about three weeks in exploring the 
Marshall Islands, taking in turn the atolls of the Ralick Chain 
to the north of Jaluit: Ailinglab Lab, Namu, Kwajalong, and 
Rongelab ; and then the atolls of the Ratack Chain, Likieb, 
Wotje, and Arhno. The atolls of the Marshall Group are 
noted for their great size and the comparatively small area of 
the outer land-rims, the land-rims of some of the atolls being 
reduced to a few insignificant islands and islets. In none of 
the atolls of the Ellice, Gilbert or Marshall Islands were we 
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able to observe the character of the underlying base which 
forms the foundations of the land areas of these groups. In 
this respect these groups are in striking contrast to the Pau- 
motus, the Society dent the Cook Group, Niue, the Tongas, 
and the Fiji Islands, where the character of the underlying 
foundations of the land-rims is readily ascertained. But, on 
the other hand, these groups give us the means of studying 
the mode of formation of the land-rims in a most satisfactory 
manner, and nowhere have we been able to study as clearly the 
results of the various agencies at work in shaping the endless 
variations produced in the islands and islets of the different 
atolls by the incessant handling and rehandling of the material 
in place, or of the fresh material added from the disintegration 
of the sea or lagoon faces of the outer land, or of the corals on 
the outer and inner slopes. It has been very interesting to 
trace the ever-varying conditions which have resulted in pro- 
ducing so many variations in the appearance and structure of 
the islands and islets of the land-rims of the different groups. 

The boring at Funafuti will show us the character and age 
of the rocks underlying the mass of recent material of which 
the land-rim, not only of that atoll, but probably also that of 
the other atolls of the group and of neighboring groups, is 
composed, though of course we can only judge by analogy of 
the probability ‘of the character of the underlying base from 
that of the nearest islands of which it has been ascertained. 
When we come to a group like the Marshalls we have as our 
guide only the character of the base rock of the islands of the 
Carolines, which is voleanic, while Naru and Ocean Islands, to 
the west of the Gilberts and to the southwest of the Marshalls, 
indicate a base of ancient Tertiary limestone. 

Owing to the continued stormy weather and the probability 
of not being able to land at these islands while the unfavorable 
conditions lasted, we did not attempt to visit them. 

After leaving Suva we made a number of soundings from 
south of Nurakita toward the Marshall Group, which, in addi- 
tion to those of the ‘ Penguin,’ clearly show that the Ellice 
Islands are isolated peaks rising from considerable depths 
(from 1500 to over 2000 fathoms) and that the same is the 
case with the Gilbert Islands. We made about thirty sound- 
ings between the atolls of the Marshalls, which appear to show 
that they also rise as independent peaks or ridges, with steep 
slopes, from 2000 to 2500 fathoms, and that the so-called 
parallel chains of atolls of thé Marshalls, the Ralick and 
Ratack, are really only the summits of isolated peaks rising 
but a few feet above the sea-level. The Marshall Islands, as 
well as the Ellice and Gilbert, seem to be somewhat higher 
than the Paumotus, but this difference is only apparent and is 
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due to the difference in the height of the tides, which is very 
small in the Paumotus, while in these groups it may be five 
and even six feet. 

From Jaluit we visited among the Carolines, the islands and 
atolls of Kusaie, Pingelap, Ponapi, Andema, Losap, Namu, 
the Royalist Group, Truk and Namonnuito, obtaining thus an 
excellent idea of the character of the high volcanic islands of 
the group from our examinations of Kusaie and of Ponapi, 
while the others represent the conditions of the low atolls, 
having probably a volcanic basis, but this was not observed at 
any of those we examined. 

The reefs of the volcanic islands of the Carolines are similar 
in character to those of the Society Islands, though there are 
some features, such as the great width of the platforms of sub- 
marine erosion of Ponapi and of Kusaie, and the development 
of a border of mangrove islands af the base of the volcanic 
islands, which are not found in the Society Islands. 

The Truk Archipelago was perhaps the most interesting of 
the island groups of the Carolines, and it is the only group of 
volcanic islands surrounded by an encircling reef which I have 
thus far seen in the Pacific which at first glance lends any 
— to the theory of the formation of such island-groups 
as Truk by subsidence. This group was not visited by either 
Darwin or Dana; and I can well imagine that an investigator 
seeing this group among the first coral reefs would readily 
describe the islands as the summits, nearly denuded, of a 
great island which had gradually sunk, But a closer examina- 
tion will readily show, I think, that this group is not an excep- 
tion to the general rule thus far obtaining in all the island groups 
of the Pacific I have visited during this trip; that we must 
look to submarine erosion and to a multitude of local mechani- 
cal causes for our explanation of the formation of atolls and of 
barrier and encircling reefs, and that, on the contrary, subsi- 
dence has played no part in bringing about existing conditions 
of the atolls of the South and Central Pacific. 

Nowhere have we seen better exemplified than at Truk how 
important a part is played by the existence of a submarine 
platform in the growth of coral reefs. The encircling reef 
protects the many islands of the group against a too rapid 
erosion, so that they are edged by narrow fringing reefs, and 
nowhere do we find the wide platforms so essential to the for- 
mation of barrier reefs. The effect of the northeast trades 
blowing so constantly in one direction for the greater part of 
the year is of course very great: the disintegration and erosion 
of islands within its influence is incessant, and their action 
undoubtedly one of the essential factors in shaping the atolls 
of the different groups, not only according to the local posi- 
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tions of the individual islands, but also according to the geo- 
graphical position of the groups. Thus far I do not think any 
observer has given sufficient weight to the importance of the 
action of the trades in modifying the islands within the limits 
of the trades, nor has anyone noticed that the coral reefs are all 
situated practically within the limits of the trades both north 
and south of the equator. 

The soundings made going west from Jaluit to Namonuito 
indicate that there is no great plateau from which the Caro- 
lines rise, but that the various groups are, as is the case with 
the neighboring groups of the Marshalls and Gilberts, isolated 
peaks with steep slopes rising from a depth of over 2000 
fathoms. The line we ran from the northern end of Namon- 
uito to Guam developed the eastern extension of a deep trough 
running south of the Ladrones. The existence of this trough 
had been indicated by a sounding of 4475 fathoms to the south- 
west of Guam made by the Challenger. We obtained, about 
100 miles southeast of Guam, a depth of 4813 fathoms, a 
depth surpassed only, if I am not in error, by three soundings 
made by the Penguin in the deep trough extending from 
Tonga to the Kermadecs. 

I was very much surprised, in approaching Guam from the 
eastward, to find that the island was not wholly volcanic, but 
that the northern half consists of elevated coralliferous lime- 
stone. The vertical cliffs bordering the eastern face rise from 
a height of 100 to 250 or 300 feet at the northern extremity, 
and resemble in a way similar islands in the Paumotus 
(Makatea), Niue, Eua, Vavau and others in the Fijis which 
had made their cliffs a familiar feature in our explorations. 
In fact, outside of Viti Levu and Vanua Levu, this is the 
largest island known to me where we find « combination of 
volcanic rocks and of elevated coralliferous limestone. The 
massif forming the southern half of the island is voleanic, and 
the highest ridge, rising to about 1000 feet, runs parallel to the 
west coast, the longest slope being toward the east. 

This voleanic mass has burst through the limestone near 
Agaiia, and the outer western extension of the coralliferous 
limestone exists only in the shape of a few spurs running out 
from the volcanic mass, the largest of which are those forming 
the port of San Luis d’Apra. These spurs are separated by 
lower ridges of voleanic rocks extending to the sea from the 
main central mass. To the north of Agafia the limestone 
forms an immense irregular mésa, cut by deep crevasses, full 
of pot-holes and sinks, rising gradually westward to a height of 
350 or 400 feet. Near the northern extremity of the island a 
volcanic mass, Mt. Santa Rosa, has burst through the limestone 
and rises about 150.feet above the general level of that part of 
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the island. The shore stratification of the bluffs is much dis. 
torted in the vicinity of that volcanic outburst 

We left Guam in time to reach Rota by day, and found that 
this island is a mass of elevated coralliferous limestone, the 
highest cliffs of which reach a height of 800 feet. Perhaps i in 
none of the elevated islands have we been able to observe the 
terraces of submarine elevation as well as at Rota, especially in 
the small knob at the southwest point of the peninsula separat- 
ing Sosanlagh and Sosanjaya bays, which itself is also terraced ; 
no less than seven distinct terraces could be traced. There 
was no sign of any volcanic outburst except at the northwest 
point of the island, where both the character of the slope and 
of the vegetation would seem to indicate a voleanie structure. 

It is quite probable that others of the Ladrones, like Saipan, 
and the islands to the south, are composed in part at least of 
elevated limestone, judging from the hydrographic charts and 
the sketches which accompany them. On many of the north- 
ern Ladrones there are active volcanoes, so that it is very 
possible that the voleanie outbursts which have pushed through 
the limestones, or have elevated parts of the islands of the 
group, are of comparatively recent date. 

During the last part of our cruise, from Suva to Guam, the 
unfavorable weather greatly interfered with our deep-sea and 
pelagic work ; in fact with the exception of the soundings 
made to dev elop as far as practicable the depths in the regions 
of the various coral-reef groups we visited, we ab: sndoned all 
idea of carrying out the deep-sea and pelagic work planned for 
the district between the Gilbert and Marshall and Caroline 
groups. To our great disappointment hardly any marine work 
could be accomplished, and our investigations were limited 
almost entirely to the study of the coral reefs of the regions 
passed through. 

After Mr. Townsend’s departure, Dr. Moore continued to 
collect the birds of the islands where we anchored, and they 
have brought together a fairly typical collection of the avifauna 
of the South Sea Islands. Dr. Pryor collected the character- 
istic plants, and Dr. Mayer the insects and reptiles in addition 
to such pelagic work as could be done in port. Both Dr. 
Woodworth and Dr. Mayer took a large number of photo- 
graphs, and we must have at least 900 views illustrating the 
coral reefs of the Pacific. Dr. Woodworth also collected 
incidentally such ethnological material as could readily be 
obtained during our short stay at different places. 

We were everywhere received with the greatest cordiality 
and courtesy: by the Governor of the Paumotus, the King of 
Tonga, Sir George O’Brien (the High Commissioner of “the 
Western Pacifie at Suva), Mr. E. Brandeis (the Landes-Haupt- 
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mann in charge of the Marshall Islands at Jaluit), and the 
Governor of the Carolines, and the Japanese authorities. The 
State Department at Washington having kindly asked through 
the French, English, German and Japanese Embassies at 
Washington for the kind offices of the representatives of these 
nations in Oceania to the Albatross while in their respective 
precincts, thanks to these credentials nothing could exceed 
the interest shown everywhere in the success of our expedition. 

I must also thank Capt. Moser and the officers of the 
Albatross for the untiring interest shown by them during the 
whole time of our expedition in the work of the ship, which 
was so foreign to the usual duties of a naval officer. 


Chemistry and Physics. 


SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PuysIcs. 


1. On the Viscosity of Argon as affected by Temperature.— 
Lord Rayteicu has carried on a series of experiments on the 
above subject, special interest being connected with it since 
argon as regards specific heat behaves as if monatomic. The 
author says : 

“When we remember that the principal gases, such as oxygen, 
hydrogen, and nitrogen, are regarded as diatomic, we may be 
inclined to attribute the want of simplicity in the law connecting 
viscosity and temperature to the complication introduced by the 
want of symmetry in the molecules and consequent diversities of 
presentation in anencounter. It was with this idea that I thought 
it would be interesting to examine the influence of temperature 
upon the viscosity of argon, which in the matter of specific heat 
behaves as if composed of single atoms. From the fact that no 
appreciable part of the total energy is rotatory, we may infer 
that the forces called into play during an encounter are of a 
symmetrical character. It seemed, therefore, more likely that a 
simple relation between viscosity and temperature would obtain 
in the case of argon than in the case of the “ diatomic” gases. 

The best experimental arrangement for examining this ques- 
tion is probably that of Holman,* in which the same constant 
stream of gas passes in succession through two capillaries at dif- 
ferent temperatures, the pressures being determined before the 
first and after the second passage, as well as between the two. 
But to a gas like argon, available in small quantities only, the 
application of this method is difficult. And it seemed unneces- 
sary to insist upon the use of constant pressures, seeing that it 
was not proposed to investigate experimentally the dependence of 
transpiration upon pressure.” .. . 

“ Although different gases have been employed in the present 
experiments, there has been no attempt to compare their viscos- 
ities, and indeed such a comparison would be difficult to carry 
out by this method. The question has been, how is the viscosity 
of a given gas affected by a change of temperature? In one set 
of experiments the capillary is at the temperature of the room ; 
in a closely following set the capillary is bathed in saturated 
steam at a temperature that can be calculated from the height of 
the barometer.” 

In the experiments the times of transpiration were found to be 
104°67 seconds at the temperature of the room (15°) and 167°58 
at 100°-27. The relation between the times of transpiration (¢) 
and the absolute temperatures (6) is given by the equation 


7= () , whence is obtained the value «= 1°812. As the 
* Phil. Mag., vol. iii, p. 81, 1877. 


Viv 


376 Scientifie Intelligence. 


integral part of « relates merely to the expansion of the gas by 
temperature, the relation between the viscosities (u) and tempera- 


tures (6) is given by the formula f= (5) , whence n = 0°812 


or, as finally corrected, 0°822. The author concludes: 
‘“‘ The following table embodies the results obtained in a some- 
what extended series of observations. The numbers given are 
the values of », corrected for the expansion of the glass. 


0°754 
0°782 
0°681 
Argon (impure) ..-..----- 0°801 
Argon (best) ............- 0°815 


In the last trials, the argon was probably within 1 or 2 per 
cent of absolute purity. The nitrogen lines could no longer be 
seen, and scarcely any further contraction could be effected on 
sparking with oxygen or hydrogen. 

It will be seen that the temperature-change of viscosity in 
argon does not differ very greatly from the corresponding change 
in air and oxygen. At any rate the simpler conditions under 
which we may suppose the collisions to occur, do not lead to 
values of » such as 0°5, or 1°0, discussed by theoretical writers.” 
— Proc. Roy. Soc., |xvi, 68. 

2. Behavior of Becquerel and Réntgen rays in a magnetic 
field ; by R. J. Srrurr.—Referring to the fact that it has been 
proved that Becquerel rays are deflected in a magnetic field, the 
author remarks that this result is of great interest on account of 
the light which it throws on the nature of the rays. He says: 

“Up to the present, the evidence has tended to show that the 
Becquerel rays were of the same nature as the Roéntgen rays, 
both being capable of penetrating thin metal sheets, of affecting 
a photographic plate, and of producing ionization in the surround- 
ing air. Neither could be refracted or reflected; and so far as 
has yet appeared, neither could be polarized. 

These facts seemed to form a fairly strong body of evidence that 
the two kinds of radiation were essentially similar. But the 
announcement of the magnetic deflectibility of the Becquerel rays 
seems to throw doubt on this conclusion, The Roéntgen rays, so 
far as is known, are quite unaffected by magnetic force. Under 
these circumstances it seemed worth while to make a new attempt 
to discover such an effect on the Réntgen rays. This attempt I 
have carried out. It will be best to say at once that the result is 
negative. 

A focus tube was employed as the source of radiation. It was 
placed at a distance of about 35°" from a powerful electromagnet, 
and in such a position that the cathode rays in the tube were 
parallel to the magnetic force due to the magnet. The line join- 
ing the oblique anti-cathode to the center. of the magnetic field 
lay in the plane of the anti-cathode. 
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A short distance in front of the magnet a wire was placed at 
right angles to the direction of the rays, and in the plane of the 
anti-cathode. It was thus at an angle of about 50° to the mag- 
netic forcee—the same angle as that between the axis of the 
cathode stream and the anti-cathode. This wire was used to cast 
a shadow on a photographic plate placed at a distance of 65™ on 
the other side of the magnet. 

An exposure was first made with the magnetic force in one 
direction. The exposure was then stopped, the field reversed, 
and another exposure given, of course without shifting the plate. 
If then the rays had been appreciably deflected, the photograph 
should have shown two shadows, either overlapping, or altogether 
separated. 

The rays casting the shadow were those emitted at a grazing 
angle from the anti-cathode. The reason for using these very 
oblique rays was that owing to the foreshortening of the anti- 
cathode, the source was virtually narrower than it would have 
been, had rays been used which left the anti-cathode at a greater 
angle. Thus sharper shadows were obtained, and a smaller mag- 
netic deflection could have been detected. 

The tube was arranged with its cathode stream parallel to the 
magnetic field, so as to avoid any shifting of the source of radia- 
tion when the magnet was reversed, owing to an effect of the 
magnet on the original cathode beam. Such a shifting would 
have given rise to a spurious effect. The only objection to this 
was that the shadow-casting wire had to be obliquely placed so 
as to be in the plane of the anti-cathode. Thus some sensitive- 
ness was lost.” 

A discussion of the results obtained shows that a field of a 
strength 3270 C.G.S. units does not produce a curvature of 
radius less than 19,800, hence the field required to produce a 
curvature of 1°" cannot be less than 6°5 x 10°. 

An estimate of the amount of magnetic reflection of the Bec- 
querel rays was also made; the result showed a radius of curva- 
ture of 3°" in a field whose strength was 1680 C, G.S. units. 
Hence the field required to produce a curvature of 1™ is about 
5x10*. Using also the results of J. J. Thomson, who shows that 
a beam of cathode rays was bent to a radius of curvature of 9%™ 
in a field of 35 units, it is calculated that a field of 315 would 
have been required to bend it to a radius of 1™. Hence the fol- 
lowing results brought together for comparison : 

“The field which would be required to produce a curvature of 
1™ radius would be 

For cathode rays 
 Becquerel rays 
Réntgen rays not less than -.. 610" 


If the Réntgen rays are magnetically deflected at all, it is by 
an amount less than a ten-thousandth part of that observed in the 
case of the Becquerel rays. 

Am. Jour. So1.—Fourta Series, Vou. IX, No. 53.—May, 1900. 
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The magnetic deflectibility of the Becquerel rays cannot but be 
considered to be a most characteristic property. And the above 
result appears to make it tolerably certain that the. Réntgen rays 
do not possess this property. It is to be concluded, therefore, 
that the Becquerel rays are, after all, essentially different in char- 
acter from the Réntgen rays.”—Proc. Roy. Soc., \xvi, 75. 

Becquerel Rays. Confirmation of the Material Theory of 
the deviable Rays of Radium.—Radium has again occupied the 
post of honor during the last fortnight. After the discoveries of 
which we have recently written, a quiet time was to be expected ; 
such, however, has not been the case, and far from diminishing in 
importance, the facts made known during these last few weeks 
surpass in novelty and interest all those of which the discovery 
has already excited such enthusiasm. 

For some time we have been working in the dark, and were 
vainly endeavouring to find the point whence light would come. 
We already knew that the emission of radium did not agree with 
our ideas on ether waves; but the facts already known did not yet 
warrant us in believing that it was of a material nature. A 
decisive experiment of this kind, as we shall see immediately, has 
just been made by M. Curie; however , to properly understand 
and appreciate it, it is necessary to consider the question a little 
further back. 

In a paper recently presented to the Academy, M. Becquerel 
has pointed out several remarkable facts with regard to the 
propagation of the emission of radium. The active substance 
was contained in a little recess, hollowed in a lead slab, placed 
directly on the photographic plate, and the whole was placed i in a 
uniform magnetic field parallel to the plate. Under these condi- 
tions the impression due to the rays emitted from below upwards, 
and bent back on to the photographic plate by the action of the 
magnetic field, is limited on the side of its source by an elliptical 
are, in the interior of which no photographic action can be ob- 
served, while such action can be seen diffused gradually towards 
the parts farthest distant from the source. The rays have thus 
described the ares, of which the shortest are situated in the plane 
perpendicular to the direction of the field, while the oblique ares 
have rays of much greater length. 

The aspect alone of the photographic plate shows that the 
emission is complex, since the same field acts in a different man- 
ner on the various rays emanating from the source. But this 
complexity becomes still more evident if we interpose screens in 
the trajectory of the rays. Under these conditions the impression 
nearest to the source is suppressed, the line of light recedes, and 
gets farther from the source the more the substance is absorbent. 
We thus see that the strongly curved rays are absorbed more 
than the others, without any other apparent selection, no matter 
what the screens are made of. 

Now let us examine this characteristic from the point of the 
materialist theory of the rays, and let us suppose that the parti- 
cles emitted by the radium have different speeds. 
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We know that for a same quotient of mass by the charge, the 
product of the field by the radius of curvature is proportional to 
the speed.* Thus the particles which strike the plate the farthest 
from the source will be those possessing the greatest speed, and 
it is natural that they should also be the most penetrating. 

This is a simple idea from which a presumption may result, but 
not a certainty. In fact other hypotheses could explain the 
same coincidence which can only be considered as an accessory 
proof. But the experiment of M. Curie gives us a proof of 
another order. He has placed beyond doubt the fact that the 
emission of radium charges bodies which receive it negatively, 
while the radium itself is charged positively. 

This fact is of such importance, it throws such sudden light on 
the whole question, that the eminent physicists to whom we owe 
these marvelous discoveries would naturally wish to put it in 
evidence, and we believe they would have succeeded sooner had 
it not been for the extraordinary difficulties offered by the experi- 
ment. We do not propose to give it in detail, or to diminish the 
interest of the publication in extenso which belongs to M. and 
Mdme. Curie. We will only say that the extreme minuteness of 
the effects to be measured necessitated the most delicate appara- 
tus, and that the method with piezo-electric quartz, of which M. 
and Mdme. Curie have made such constant and skilful use, alone 
could lead to positive results. But this is not all. The already 
known action of the new radiations was the principal obstacle to 
the success of the experiment. Radium placed at the mouth of 
a Faraday cylinder, while sending its own charged particles into 
the interior, created by that action a permanent conductor along 
their path, and provoked the immediate dissipation of the whole 
of the charges carried. It was therefore necessary to abandon 
this simple method, and to have recourse to a series of artifices, 
of which the most important consisted of enclosing the receiver 
in a double envelope, the first or outer one consisting of a metallic 
sheet connected to earth, while the second was isolated. A part 
of this double envelope was formed of thin leaves, permitting 
the radiation to reach the receiver. 

In a second experiment, the radium itself was enclosed in the 
double envelope and discharged its negative charge to the exte- 
rior without compensation. 

Only one interpretation seems still possible, at least for a por- 
tion of the emission of radium; this emission is composed of ma- 
terial particles carrying negative charges. 

We might, at first sight, ask if the non-deviable rays are not a 
particular form of deviable rays. This does not seem to be the 
case, for the absorption they undergo would rather send them 
beyond the most deviable rays which have been met with. They 
are either of another kind, or they have been deprived of their 
charge of electricity. This latter idea is still admissible, and the 


m 
*  V=He, an equation established to explain the curvature of cathodic rays. 
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singular manner in which these rays behave with regard to ab- 
sorption, as we have pointed out in a recent article, would seem 
to confirm the idea. 

Will this collection of well-grounded ideas remove the last dif- 
ficulties ? To affirm this would be to proceed too quickly, since 
the cause of the bombardment is not yet apparent to us. In any 
case the first objection which comes to our minds, that of a neces- 
sary loss of mass of the radium, will not stand examination, for, 
as has been shown by M. Curie, the charges carried off are so 
feeble, that if we admit the same proportions as with cathodic 
rays, some millions of years would be required to remove one 
m. grm. in the case of the most intense radiation that has yet been 
observed. 

What can, however, be said with certainty, is that the new dis- 
coveries singularly limit the field for hypotheses, and by fixing 
the direction for research permit us to forsee a generalisation of 
great magnitude which will be of great attraction in the study of 
certain properties of matter to which in the last few years a large 
body of scientific men have turned.— Revue Générale des Sciences, 
No. 5, March 15, 1900.— Chem. News, |xxxi, 145. 

4. The Echelon Spectroscope and the Zeeman effect.—A 
paper by Lord Bryruswoop and Dr, E, W. Marcuant, in the 
April number of the Philosophical Magazine, gives an interest- 
ing account of investigations made with the echelon diffraction- 
grating invented by Professor A. A. Michelson (this Journal, 
v, 215, 1898). It shows how admirably it is adapted, as early 
pointed out by the inventor, for the study of certain phenomena, 
e. g. the Zeeman effect. The grating used by the present authors 
was by Hilger and consisted of fifteen plates, each about 7°5™™ 
in thickness, made of light flint glass and set, as finally arranged, 
so as to make steps *5"" wide. This was combined with the tel- 
escope and collimator of a large goniometer, the telescopes hav- 
ing object-glasses of twenty-eight inch focus and two inch aper- 
ture. <A small solar telescope was employed to obtain the neces- 
sary preliminary dispersion. The methods of adjusting the 
instrument are described in detail, and also the values deduced 
for the constant of the grating, which depends for its value upon 
the wave-length of light and the refractive index of the glass 
employed. When this constant is known, the difference in wave- 
length between two lines seen in the echelon may be determined 
if their dispersion relative to the distance between two successive 
orders is known. This constant is independent of the width of 
the steps, so that it is immaterial how they are put together, the 
only condition being that the instrument shall not be much 
tilted; or, in other words, that the light shall pass through in a 
direction nearly normal to the plates. A large magnet was 
employed, giving a field up to 40,000 C. G. 8. units. The effects 
especially observed were those for the blue (4358) and green 
(5460) lines of the mereury spectrum. Both of these could be 
photographed, the former requiring an exposure of from ten to 
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twenty minutes and the latter of about two hours. The two 
yellow lines were also examined, but no good photographs 
obtained from them. The special results obtained in each case 
are given in detail with a series of photographs, both for the 
single- and double-order condition. Observations were made 
both across and along the lines of force. With respect to the 
blue line (4358), it was found, for example, that under a weak mag- 
netic field the line appears as a triplet; as the strength of 
the field increases the lower component splits into a doublet and 
the line into a quartet. As seen in the single order photograph, 
the line finally becomes a sextet, the field having a strength of 
23,400 units. The green line (5460) i in a weak field (6000 units) 
splits into a triplet; with increase of strength the inner compo- 
nent splits into a triplet, while each of the outer lines splits into 
a doublet, the resultant being a septet ; the outer lines, however, 
are really due to three orders. 

The authors close their paper with the following remarks 
regarding the working of the instrument: 

“In order, therefore, to make this valuable instrument more 
serviceable for this class of work, attention should be directed 
to the increase of the constant without too much diminution of 
the resolving power. As suggested by Michelson, this might be 
done by surrounding the instrument, say, with water. This, how- 
ever, would reduce “the resolving power to only one-third of its 
original value. A better suggestion is that of using thinner 
plates for the instrument and more of them. The plates might 
with advantage be made, say 4" thick with, say, thirty plates 
and °5™™ steps, or even *25™™" steps. This would, we believe, 
make a more useful instrument for this work than one consisting 
of thirty 8™™ plates, though theoretically the resolving-power is 
only half what it would be in the latter case. There is, of course, 
no doubt that this instrument forms a most valuable addition to 
the apparatus available for work on the Zeeman effect.” 

5. Effects of ultra-violet light on gaseous bodies.— Much 
attention has been paid to the effect of the X-rays on air and 
gases, Under the action of the cathode and X-rays, air becomes 
a conductor, its oxygen is partially converted into ozone and 
nuclei of steam condensation are formed in it. P. Lenard calls 
attention to the fact that ultra-violet light exerts similar effects. 
In his experiments on steam condensation by means of ultra- 
violet light, it was found that the light from aluminum spark 
terminals was far more operative than that from other metals. 
The following is the list of metals and distances at which the 
working of their ultra-violet radiations began to be noticeable: 


Al Cd Sn Pb , Mg 
50 36 27 2 18 12 em, 


The region of the spectrum where the effects of ultra-violet 
light on gaseous bodies begins is that where the measures of dis- 
persion end. The rays concerned in these peculiar effects have 
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been identified only by Schumann—and by him only in a vacuum. 
Lenard calls attention to some experiments made in the Alps 
by him in 1889, which showed the effect of sunlight in dissipat- 
ing electrical charges. Since the spectrum of the sun’s chromo- 
sphere and the protuberances show the presence of hydrogen, and 
Schumann’s results show that this gas is especially rich in the 
short waves which are absorbed by the earth’s atmosphere, it is 
reasonable to attribute the results obtained by Lenard in the 
Alps to the ultra-violet rays, which are absorbed at lower alti- 
tudes.— Ann. der Physik., No. 3, 1900, pp. 486-507. 2 
6. Dielectric Constant of Water and Hydrogen peroxide.— 
H. T. Catvert has determined the dielectric constant of hydrogen 
superoxide by means of electrical waves according to the method 
of Drude. ‘lhe wave length that was employed had A=75™ and 
only a trace of electrical absorption was shown. The constant 
obtained for the hydrogen peroxide — H,O, — was 92°8, while 
that of water, H,O at 18°, was 81. The hydrogen peroxide has 
therefore a much greater dielectric constant than pure water.— 
Ann. der Physik., No. 3, 1900, pp. 483-485. as 
Quincke’s Rotations in an Electric Field.—This investi- 
gator showed that a sphere of paraftine-ebonite or sulphur is set in 
rotation when charged and suspended in an electric field. This 
rotation is due to the repulsion of the electricity residing on the 
surface of the spheres by the electricity on the neighboring 
electrodes between which the revolving bodies are suspended. 
L. Graetrz shows that the conductibility of poor conductors and 
its changes under varying conditions can be determined by 
Quincke’s phenomenon. The effect of the X-rays also in changing 
the conductibility of such substances and of gases can be studied 
by the same means.— Ann. der Physik., No. 3, 1900, pp. 530-541. 
J.T. 
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1. The Slate Belt of Eastern New York and Western Vermont; 
by T. Netson Date. (Extract from 19th Annual Report of U.S. 
Geol. Survey, pp. 153-307.)—Few regions of equal extent offer 
such difficult ‘problems in stratigraphy and structural geology as 
the two counties along the New York—-Vermont boundary de- 
scribed in this report. Walcott has discussed in several papers 
the paleontologic teachings of the area, and the economic import- 
ance of this region, which produces one quarter of the roofing 
slate used in the United States, has long been known. Prof. Dale 
has surveyed the field anew and has made a combined economic 
and scientific study of the complicated area with special attention 
to the intricate structural relations existing there. ‘Ten sections 
were worked out across the slates and adjoining schists at import- 
ant and favorable points and the general structural features found 
to be as follows: ‘‘The strata of the schist mass on the east, 
closely plicated and cleft with easterly dipping slip cleavage, lie in 
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broad undulations, but are crowded over at the west into a some- 
what sharp anticline.” In the Cambrian slate mass there are 
close folds more or less overturned to the west with easterly dip- 
ping slaty cleavage obscuring the bedding. ‘“ The folds are so 
close and the cleavage is so pronounced that the cores of adjoin- 
ing synclines and anticlines are brought very near together or 
the anticlinal portions of several folds do not appear. Series of 
various folds form compound anticlines and these minor Cambrian 
anticlinoria alternate with Ordovician synclinoria conformably 
overlying Cambrian ones.” The details of structure along these 
sections—bedding, cleavage, grain, etc. are fully discussed and 
illustrated by numerous photographs and diagrams. 

Much attention has been given in this paper to the chemical 
and mineralogical composition of the slates. Complete analyses 
have been made of seven varieties and the mineralogical composi- 
tion of the various types has been determined by careful exam- 
ination of over 200 thin sections. In addition to the microscopic 
descriptions, five colored lithographic representations of mi- 
croscopic sections are given of each variety of commercial 
importance. These illustrate clearly the differences in texture 
and composition which underlie differences in quality and color. 

Under the head of Scientific Geology (pp. 278-300) Prof. Dale 
deals with the more purely scientific problems connected with 
slates in general and those of the New York—Vermont region in 
particular. He first reviews the present state of science on the 
chemical and physical constitution and origin of slates. This criti- 
cal discussion taken together with the bibliography (pp. 166-174) 
is especially valuable tor students in that it brings together in an 
American publication a synopsis of all that is known about 
“slate.” Several pages are next devoted to the complex question 
of the relations between the Lower Cambrian and the Lower 
Ordovician in this region. Indications of slight unconformity 
between these horizons are noted and the probability of local 
diversity of contemporaneous sedimentation is explained. The 
geological history of the slate belt is the last subject of a theoret- 
ical nature treated. In brief the history is as follows: A land 
surface chiefly of granites and gneisses was covered by the sea in 
which were deposited Lower Cambrian sediments which show 
by their character great variations in conditions of deposition. 
For some reason no Middle and Upper Cambrian deposits 
were laid down, but grits, shales and slates of the Ordovician 
follow the Lower Cambrian directly. At the close of the 
Ordovician, the accumulated sediments, both Cambrian and 
Ordovician, gradually emerged in folds more intensely plicated 
toward the east. The increasing pressure produced metamor- 
phism and percolating alkaline waters deposited silica in open- 
ings formed by the folding. These movements produced the 
slates. At some later time another movement occurred resulting 
in diagonal joints, quartz veins, shear zones and other secondary 
structures. Some of the fractures were so deep as to occasion 
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dikes—22 of which are mapped. The remaining geological his- 
tory is concerned with the events which transpired in the Glacial, 
Champlain and Recent periods. H. E. G. 

2. A Contribution to the Geology of the Northern Black Hills ; 
by Joun Durr Irvine. Annals New York Academy of Sciences, 
Vol. xii, No. 9, pp. 187-340, Pls. v-xv1, figs. 5-20.—This paper 
is for the most part a detailed petrographical study of an area 
just west of Deadwood, So. Dakota, which is important because 
of its interesting rock types and intrusions, and also as the home 
of an increasing mining industry. The first few pages of the 
report are devoted by Dr. Irving to a description of the Algon- 
kian, Cambro-Silurian and Carboniferous strata, after which the 
eruptives which occur here in great variety are discussed. The 
position of the intrusions indicates that the Black Hills were 
twice subjected to prolonged igneous disturbances ; once previous 
to the metamorphism of the Algonkian when the intrusions were 
basic (amphibolites); and again during VPost-Cretaceous times 
after the Paleozoic and Mesozoic sediments had been deposited. 
These later intrusives are alkaline and have no genetic relation- 
ship with the amphibolites. In considering the form assumed by 
the intrusions, the author differs somewhat from Newton, Russell, 
and other workers in this region. He concludes ‘that the influ- 
ence of the rocks into which the magmas are intruded has been 
the determining factor of the form assumed by the intrusion’ (p. 
244), 

Petrographical examination of the rocks shows eight families, 
as follows : ~:orudite, phonolite, rhyolite, andesite, dacite, diorite, 
lampropbyre, amphibolites. Phonolite occurs most abundantly 
and is described at considerable length. 

The ore bodies of the region are found in three geological 
ages—Algonkian, Cambrian and Carboniferous. The Algonkian 
ores occur as impregnated zones in the metamorphosed slates and 
schists, like the Homestake mine at Lead City. The Cambrian 
areas which for the last few years have yielded the greatest out- 
put of all the Black Hills Mines are replacements of impure lime- 
stones by siliceous solutions bearing gold. The Carboniferous 
ores which have not as yet been fully exploited are silicified 
brecciated limestone, much like the Cambrian deposits. Numerous 
diagrams, sections and photographs increase the usefulness of the 
work, H. G. 

3. Description of a New Genus and Twenty New Species of 
Fossil Cycadean Trunks from the Jurassic of Wyoming ; by 
Lester F. Warp. Proceedings of the Washington Academy of 
Sciences, vol. i, pp. 253-300 (Pl. xtv-xx1), Feb. 14, 1900.—In 
this contribution Professor Ward adds another important chap- 
ter to our knowledge of the cycadean vegetation of the North 
American Mesozoic. 

The determination of the new genus and species is the result 
of a study of 85 specimens from Carbon County, Wyoming. Of 
the types, two, Cycadella Beecheriana and Cycadella Reedii 
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belong to the Yale collection. The remaining eighteen types as 
enumerated below are the property of the University of Wyoming 
at Laramie. 

The discovery of these cycads by W. H. Reed and their Juras- 
sic age was first announced in this Journal by Prof. O. C. 
Marsh in a note on “ Cycad Horizons in the Rocky Mountains,” 
vol. v, p. 197, Aug., 1898. 

Professor Wilbur C. Knight is also quoted as follows : ‘* There 
is no question as to the horizon of these Cycads. It is in the 
Jurassic fresh-water beds and near the bottom. 

A section through the locality of the cycad beds will be about 
as follows : 

Triassic red sandstone, 1000 feet. 

Lower Jurassic (marine), 200 feet. 

Upper Jurassic (fresh-water), 225 feet. 

Dakota Conglomerate, from 50 to 200 feet.” 

Further, Professor Ward as the result of a personal visit to the 
new locality confirms the previous observations on its strati- 
graphical position as follows: “'Thesection of the Freeze-Out Hills 
immediately to the east of the cycad bed and including the ledges 
formed by the stratum in which they occur was carefully meas- 
ured, It is a characteristic section since it extends from the Red 
Beds at the bottom of the valley to the Cretaceous which caps 
the hill and is supposed to represent the Dakota Group, although 
such an examination of it as I was able to make led me to sus- 
pect that it is the equivalent of the Lower Cretaceous of the 
Black Hills, possibly extending, in some places, to the true 
Dakota Group of Meek and Hayden. 

The following is the section : 

Lower Cretaceous capping the hill ...-.....-....- 50 feet. 

Base of Cretaceous to top of cycad bed.......... 100 “ 

Thickness of cycad bed 

Bottom of cycad bed to top of Marine Jurassic 

Thickness ot Marine Jurassic to bottom of valley 


on Red Beds 


Total exposure 355 feet. 


The name Cycadella is a very appropriate one for this new 
series of pygmaic species,—on the average scarcely a tenth the 
size of the trunks from the Black Hills. The generic distinction 
is based mainly on the remarkable development of a secondary 
ramentaceous covering of the trunks, the general structure, course 
of the leaf bundles and lateral position of the axes of fructification 
being otherwise that seen in the genus Cycadeoidea. 

Professor Ward says: “ The most marked feature that struck 
me on first casual inspection of these trunks, aside from their 
relatively small size, light color, and soft calcareous [silicitied] 
structure, was the frequency of a sort of smooth, to the naked 
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eye, structureless, dull, uniform, covering that invests their outer 

surfaces and cuts off the view of the normal organs of the armor. 

A closer examination revealed the fact that this was not an 

occasional condition but the normal state of these cycads, and 

that the cases in which this outer coating is wanting represent 
the abnormal state. It further became clear that there really are 
no cases in which it is naturally absent, and that its absence is 
always due to some external influence acting upon the surface 

which has removed it. * * * * 

“The special susceptibility to petrifaction on the part of the 
ramentum explains the presence of the external covering of the 
Wyoming Jurassic cycads, since it seems actually to consist in a 
mass of these ramentaceous hairs, which in some way developed 
so luxuriantly upon the sides of the petioles, as to push out 
beyond the surface, and roll over the spaces formerly occupied 
by the leaves and fruits. It seems necessary to assume that this 
occurred long after the fall of the leaves, and, indeed this latter 
doubtless took place much as it does in living cycads, the leaves 
always forming a crown to the trunk and falling away as the 
trunk elongates, leaving only their persistent bases to form a 
false bark. These are not wholly dead, but manifest vegetative 
activity, and doubtless have some physiological function.” 

From these facts, supported by sections and polished surfaces, 
it is decided, that ‘‘ Cycadella developed an exuberant growth of 
fine scales or hairs from the bases of its old petioles below the 
apex, which formed a woolly or mossy covering of considerable 
thickness, sufficient when tightly appressed to the trunk and 
petrified, there to form a layer 5-15™™" thick all over the fossil 
trunks,” 

Whoever has seen these trunks will certainly grant from the 
briefest observation that their development of ramentum was 
very profuse ; and must have given the trunks below the crown 
of leaves the appearance seen in certain Cacti. Is it not quite 
possible that they grew in dry, cold, or semi-arid situations ? 
This would account at least in part for their small size. 

The present new series of cycadaceous plants greatly enhances 
the interest and value of the recent discovery and investigation 
of the remains of the extensive cycadean vegetation occurring in 
strata of the Black Hills rim regarded as lowermost Cretaceous 
by some and upper Jurassic by others. 

The assigned species of North American cycadean trunks now 
numbers 52, referred to two genera as follows: 

Upper Jurassic (?) of the Black Hills (Dakota and Wyoming); Cycadeoidea daco- 
tensis Macbride, colossalis, Wellsii, minnekahtensis, pulcherrima, cicatricula, 
turrita, Macbridet, Marshiana, furcata, Colei, Paynei, aspera, insolita, occiden- 
talis, Jenneyana, ingens, formosa, Stilwelli, excelsa, nana, and Wielandi (last 
20 species Ward). 

Upper Jurassic, central Wyoming,— Cycadella Beecheriana, Reedii, Wyomingensis, 
Knowltoniana, compressa, Jurassica, nodosa, cirrata, exogena, ramentosa, fer- 
ruginea, contracta, gravis, verrucosa, jejuna, concinna, crepidaria, gelida, car- 
bonensis and Knightti (all Ward’s species). 
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Potomac formation of Maryland (Upper Jurassic ?).—Cycadeoidea Marylandica 
Fontaine, Tysoniana, Fontaineana, McGeeana, Uhleri, Bibbinsi, and Gouch- 
eriana (last 6 species Ward). 

Trinity Beds (Comanche Series), Cheyenne Rock, Belvidere, Southern Kansas,— 
Cycadeoidea munita Cragin. 

Pre (?) Laramie. near Golden, Colorado,— Cycadeoidea mirabilis Lesquereux. 

Upper Trias, North Carolina, locality lost,— Cycadeoidea Emmonsi Fontaine. 

Trias of Prince Edward’s Isle,— Cycadeotdea abiquidensis Dawson. 


About 35 species of cycadean trunks, probably all belonging to 
the Cycadeoidean group, have been described from European 
localities, chiefly in strata of Upper Jurassic or questionably 
Lower Cretaceous age. Recent study of the microscopic features 
of the American forms made by the reviewer, and still continued, 
have shown their close parallelism to European forms. 

The determination of this highly developed, extensive, and 
probably synchronous development of cycadean vegetation on 
both continents in the middle Mesozoic forms one of the most 
interesting additions to Palwo-botanical knowledge made in 
recent years. G, R, W. 


4. Geologie Atlas of the United States. Telluride Folio, 
Colorado. Areal Geology; by Wutrman Cross assisted by 
Messrs. GANE, Lorp and Spencer. Topography, by Frank 
Twrepy.—The area described in this folio, which has recently 
become so well known from its valuable gold and silver mines, is 
situated in the “San Juan” region. The chief features of its 
geology are the Jura-Trias, Cretaceous strata with intrusions of 


igneous rocks in the form of stocks and laccoliths and the great 
outflows of rhyolite and piled up masses of rhyolitic tuffs and 
breccias. 

We note a change from the former atlas sheets in that there 
are some 17 to 18 pages of text, instead of the usual two or three. 
With the large page this gives quite a full treatment of the 
geology of the district, equalling perhaps 125 to 150 pages of an 
ordinary octavo volume. In addition there are three half-tone 
plates of beautiful photographs giving eighteen views illustrating 
thoroughly the topographic features and broader geologic char- 
acters of the district. We trust that this advance in the scope of 
the atlas sheets will be a permanent one, especially in the increase 
of the descriptive matter in the text, since it will greatly increase 
the value of the work as a whole and particularly for local use. 

In addition to the geology by Cross, there is a valuable chapter 
on the ore deposits by C. W. Purington, treating of the fissures, 
veins, ete. L. V. P. 

5. The Freshwater Tertiary Formations of the Rocky Moun- 
tain Region; by W. M. Davis. Proceedings of the American 
Academy of Science, Vol. xxxv, No. 17, March, 1900.—The lacus- 
trine origin of the freshwater Tertiary deposits of our western 
states was asserted by nearly all of the early workers on the 
geological surveys. Hayden, King, Powell, and Dutton describe 
the conditions and character of the depositions at some length, 
and their conclusions that they are lake sediments are supported 
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by the paleontological studies of Newberry, Cope and Marsh. 
Most of the later workers in the Rocky Mountain and Plains 
region consider the origin of the formations as settled, or give addi- 
tional evidence to show the lacustrine origin of some smaller areas 
(e. g. Arapahoe and Denver Formations of Colorado). Naturally, 
too, the text books most widely used both in America and Europe 
assert unqualifiedly the existence of extensive lakes in the Rocky 
Mountain region during Tertiary time. 

To the unquestioned acceptance of this time-honored interpre- 
tation, Professor Davis objects, and from a comparison with the 
fluviatile plains of the Po and of northern India, as well as from 
theoretical considerations, he has been led to recognize the possi- 
ble non-lacustrine origin of the western Tertiary deposits. This 
possible explanation seems to be very closely related in the 
author’s mind to the probable explanation, as some sentences 
show ; e. g. “as far as the published descriptions of these deposits 
afford evidence of their detailed structure, it appears to me 
probable that streams and rivers have had more than lakes or 
winds to do with their formation, and hence that ‘fluviatile’ 
might often to advantage replace ‘lacustrine’ in describing 
them” (p. 360). As an aid in distinguishing the different 
classes of deposits, some pages are devoted to a useful discussion 
of the characteristics of lacustrine, fluviatile and olian sedi- 
ments. 

The object of this paper, as announced by the author, “is to 
promote consideration, rather than to announce conclusions,” and 
it is more than probable that the object will be attained, and an 
interesting and fruitful discussion called out, for geologists are 
not likely to abandon the lake hypothesis and the numerous 
geological and paleontological conclusions based upon it without 
most careful consideration. H. E. G. 

6. Text-Book of Paleontology by Kari A. von Zittel, translated 
and edited by Cuas. R. Eastman. Vol. I, pp. 1-706, with 1476 
wood cuts. New York, 1900 (The Macmillan Co.).— With the pub- 
lication of the second part, beginning with page 353, the first volume 
of this important work is completed. It includes the chapters on 
the Protozoa, Celenterata, Echinodermata, Vermes, Molluscoidea, 
Mollusca and Arthropoda. Notice of the first part was published in 
these pages when it first appeared (see vol. ii, p. 394). A character- 
istic feature of the translation is the free revision of the chapters 
by American specialists. The Pelecypoda is thoroughly revised 
by Dr. Dall. In the present classification the primary ordinal 
groups are Prionodesmacea, Anomalodesmacea, Teleodesmacea. 
The hinge-teeth furnish the more important characters for the 
secondary subdivision of the ordinal groups. The Gastropoda, 
revised by Professor Pilsbry, retain substantially the classifica- 
tion of the German edition. The sub-class Tetrabranchiata of 
the Cephalopoda has received a complete revision at the hands of 
Professor Hyatt; the arrangement as well as the definition of 
the groups has been much changed; very few of the older 
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ordinal or family names appear; the generic names and the 
figures are, however, substantially the same as in the original 
edition. A note on page 592 informs the reader that “the clas- 
sification and diagnoses are condensed from an exhaustive mono- 
graph on fossil cephalopods at present still in MS.” Prof. A. E. 
Verrill contributes several valuable notes regarding structure of 
the animal. 

The chapter on Dibranchiata is little altered in the translation. 

The chapter on Trilobita is not a translation, but an article 
prepared for the volume by Professor Beecher. It presents his 
own classification, which is based chiefly on ontogeny and the 
modification of the free-cheeks; a character which under the 
term facial suture plays so conspicuous a part in the earlier clas- 
sification of Trilobites. 

The section on Ostracoda is abridged from a fuller treatment 
of the group prepared by Mr. E. O. Ulrich; and Dr. John M. 
Clarke contributes the chapters on Phyllopoda, Cirripedia and 
Phyllocarida, also adding some new figures to their sections and 
to the chapter on Merostomata. 

Professor J. 8S. Kingsley revised the other orders of Malacos- 
traca and all the chapters on Arthropoda have received his expert 
criticism. 

The chapter on Insects is revised by Professor 8S. H. Scudder, 
who contributed the original chapters on Myriapoda, Arachnoidea 
and Insecta to the larger German work; ‘ Handbuch der Pale- 
ontologie,” vol. ii. 

The figures, which are sharp and clean, are chiefly those of the 
original edition, though with many additions distributed through 
the work contributed by the American collaborators. 

American students of Paleontology owe a debt of gratitude to 
the editor for his laborious task of rendering this classic work 
into the English language. They should also fully appreciate 
the courtesy shown by Professor Zittel to Americans in permit- 
ting such free translation of his work to be made; and partic- 
ularly for allowing the insertion, in place of translation of the 
originals, of chapters written entirely by the American authors, 
with whose views he is not always in accord. w. 

7. Occurrence of Corundum in Canada.—Volume viii, Part 
II, 1899, of the Report of the Bureau of Mines, published at 
Toronto, includes an interesting article by W. G. MILLER (pp. 
205-240) on the corundum areas and the associated minerals of 
Ontario; thisis a continuation of the discussion in the volume of 
the year before (this Journal, vii, 318). This report gives addi- 
tional facts in regard to the distribution of corundum, and empha- 
sizes its occurrence in igneous rocks of the following types: 
(2) syenite (mica, etc.); (2) syenite-pegmatite; (3) nepheline 
syenite; (4) anorthosite. Another paper on the same subject by 
Archibald Blue follows (pp. 241-249), while A, P. Coleman (pp. 
250-253) describes a nephelite-syenite from Dungannon township, 
Hastings Co., which is remarkable for carrying numerous small 
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crystals of corundum, which stand out conspicuously on a weath- 
ered surface. 

8. A Manual of Zoology ; by T. JErrrey Parker and Wo. A. 
8vo, pp. 563,327 cuts. New York, 1900 (The Macmillan 
Co.).—This smaller work is admirably adapted for the special use 
of young students, or for class-room work in preparatory schools 
and colleges. It is modelled, in general, after the larger Text 
Book of Zoology, by the: same authors and publishers (1897), to 
which it forms a very suitable introduction. 

In the present work much of the more technical matter of the 
larger work has been left out, and a number of the rarer or less 
known groups have been omitted, as well as the extinct fossil 
forms, in order to save space. Comparatively little space is 
given to histology and embryology, the object being to give a 
concise account of the structure and classification of the larger 
and more important groups, in harmony with the views of modern 
investigators. A. EB, V. 

9. Reports on an Exploration off the West Coasts of Mexico, 
Central and South America, and off the Galapagos Islands, in 
charge of ALEXANDER Agassiz, by-the U. S. Fish Commission 
Steamer Albatross, during 1891, Lieut. Com. Z. L. Tanner, 
U.S. N., commanding—Tue Fisues ; by 8. Garman. Memoirs 
of the Museum of Comparative Zoology, vol. xxiv, 4to, 1 vol. of 
text, with an atlas of 97 plates and a chart, December, 1897. 

This is a grand contribution to oceanic ichthyology, which 
science owes to the well-known liberality of Mr. Agassiz and to 
the prolonged and carefui studies of Mr. Garman. It is a wor thy 
successor to the great work of Gaade and bean on the Atlantic 
Deep Sea fishes. A large number of new genera and species are 
described, many of them remarkable in form and structure. The 
plates are ‘admirable. Of these 14 are printed in colors, A. E. Vv. 

10. The Fur Seals and Fur Seal Islands of the North Pacific 
Ocean; by Davin Starr Jorpan, associated with Lronarp 
STEJNEGER, Freperic A. Lucas, JEFFERSON F. Moser, Cuas. 
H. Townsenp, Geo. A. Ciark, Josepn Murray, with special 
papers by twenty-five others. Washington, D. C. (Gov’t Print- 
ing Office), 1898. Four Parts, with numerous plates and charts.— 
This is a nearly exhaustive work on the natural history of the 
fur seal, and of the present and past conditions of the fishery. It 
shows very clearly the rapid decline in numbers of the seals dur- 
ing recent years, due chiefly to pelagic sealing and the consequent 
starvation of large numbers of pups on the breeding grounds, 

The report contains numerous special papers on ‘the Zoology 
and Botany of the region, by about twenty-five specialists, besides 
those officially connected with the investigation. 

Part IV by Mr. Stejneger, is devoted to the Asiatic Fur Seal 
Islands and their fisheries. It is illustrated by 108 plates and a 
number of charts. Part III contains much information in regard 
to pelagic sealing. It alsohas chapters on the fishes, birds, mam- 


mals, mollusca, crustacea, plants, etc., of the Pribilof Islands. 
A. E.V 
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11. The Nature and Work of Plants: An Introduction to the 
Study of Botany ; by Dantet Trempty MacDoveat, Ph.D., 
Director of the Laboratories, New York Botanical Garden. Pp. 
xvii+218. New York, 1900 (The Macmillan Company).—As 
the title indicates, the book before us deals with the functions of 
plants rather than with their structure. It is intended for the 
use of beginners who have no laboratory facilities at their dis- 
posal, and is written in simple language with the avoidance, so 
far as possible, of technical words. Most of the facts brought 
forward are illustrated by common plants and by experiments 
which can easily be made. In the first part of the book, atten- 
tion is called to the general features of plants, to the various 
kinds of work which they perform, and to the division of labor 
resulting from the differentiation of the plant-body into organs 
and tissues. The functions of roots, leaves, stems and the differ- 
ent kinds of reproductive processes are then taken up with con- 
siderable detail and occupy the greater part of the volume. The 
last chapter deals briefly with ecology and includes descriptions 
of a few of the most characteristic plant-societies. A. W. E. 
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1. The Total Solar Eclipse of May 28th.—The eclipse of May 
28th, though of short duration, is so convenient for observation in 
the United States that a large number of observers will take the 
field. The line of totality in the United States is 1000 miles 
long, commencing at New Orleans, where it occurs at 7.27 A. M. 
and lasts for 1 minute 13 seconds, the central line passing through 
the suburbs of the city, and running off into the Atlantic at 
Norfolk, Va., where it occurs at 8.50 a. Mm. and lasts for 1 minute 
42 seconds. 

From the extensive researches of the Weather Bureau it appears 
that weather conditions are most favorable in the part of the 
track through North and South Carolina and Georgia, where on 
the eastern slopes of the Appalachians, at an elevation of about 
1000 feet, the chances are six to one in favor of clear sky. Near 
the coast the chances are four to one, but the longer duration 
justifies the use of this region equally with the inland sites. Thus 
the Naval Observatory will send one party to Virginia Beach and 
another to North Carolina, while the party from Yerkes Observa- 
tory, consisting of Professors Hale, Barnard and Frost, will by 
invitation go also to Virginia Beach and work in codperation 
with the Naval Observatory. For the most part, however, sta- 
tions have not yet been definitely selected. 

Both of these parties and also those from the Lick Observatory 
under Campbell and the Charbo Observatory under Burckhalter, 
will use photographic lenses of 40-foot focus for taking plates 
about 14X17 inches, on which the details of the corona can be 
presented on so large a scale as to avoid the necessity of further 
enlargement of the negative with the consequent loss of definition. 
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Campbell’s photographs of this kind taken in India in 1898 are 
regarded as the finest ever made. 

The eclipse committee appointed by the Astronomical and 
Astrophysical Society, Messrs. Newcomb, Hale, Barnard and 
Campbell, have issued a circular letter, under date of March 29, 
specifying in eleven classes the different lines of work that may be 
profitably undertaken, offering suggestions, in many cases quite 
minute, as to methods of work, and inviting the codperation of 
all who intend to observe the eclipse. 

The classification of work is as follows : 

(1) Observations both direct and photographic of the relative 
position of the sun and moon for correcting the tables. 

(2) Drawings of the corona made at the telescope, noting espe- 
cially the structural features near large prominences and the 
general outline of the corona. 

(3) The color of prominences. 

(4) Photograpbs of the corona. 

Attention is called to three classes of camera lenses which may 
be used for special purposes : 

(a) Those of focal length about six times the aperture with a 
wide range of exposure, from ;j,; up to 20 seconds, for recording 
the outer corona and extensions. 

(d) Those of focal length about fifteen times the aperture with 
exposures from ;/; to 2 seconds, for recording the mid corona, 
inner corona and prominences. 

(c) Those of relatively great focal length for recording the 
minute details of the structure of the inner corona. 

Revolving diaphragms immediately in front of the plate, like 
the star used by Burckhalter in India, are recommended for 
reducing the brightness of the inner corona to the intensity of 
the mid region, whereby both can be photographed sharply with 
the same exposure. 

(5) Photographic search for an intra-Mercurial planet. 

(6) Distribution of “coronium” by testing visually and photo- 
graphically the spectrum of different parts of the corona. 

(7) Wave length of the green coronal line by photographs 
from a powerful spectrograph. 

(8) Photographs of the “ flash” spectrum at stations near the 
boundaries of the shadow path, including if possible a study of 
the dark line spectrum before the flash at first contact and after 
the flash at last contact. 

(9) The heat radiation of the corona measured by the bolo- 
meter in the streamers and rifts and at various distances from the 
sun’s limb. 

(10) Photometric observations of the corona at various dis- 
tances from the sun’s limb, preferably photographic on account 
of the short duration of totality. 

(11) Photometric observations of Mercury. 

It is recommended that attempts be made to photograph the 
corona for as many seconds as possible before and after totality, 
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and photographers are cautioned to develop images slowly and 
to keep them as thin and transparent as possible, and to ‘‘ back” 
all plates to prevent halation. 

A matter beyond the scope of the circular but of much interest 
for spectroscopic work is the redetermination of the principal line 
of the corona. Professor Young has published a note calling 
attention to the important fact that the photographs made by 
Campbell and the English observers in India show that the old 
1474 K line is inerror. Special attention should be given to it 
in the coming eclipse. W. B. 

2. Total Eclipses of the Sun; by Maser Loomis Topp. Pp. 
273. Revised edition. Boston, 1900 (Little, Brown & Co.).— 
No one on this side, or perhaps on either side, of the Atlantic has 
labored more or traveled farther in eclipse work than Professor 
Todd. 

His wife has shared his travels and to some extent his labors, 
and has supplemented them by a volume written in a thoroughly 
scientific spirit and in the “handy science” form. The special 
merits of the book have been noticed at its first appearance. 
The second edition is opportunely brought out while interest is 
aroused in this country by the coming eclipse of May, and brings 
the work down so as to include the eclipses of ’96 and 98 
observed in Nova Zembla and India. 


IV. MisceELnLANEOUS SCIENTIFIC INTELLIGENCE. 


1. National Academy of Sciences.—The spring meeting of the 
National Academy was held at Washington from April 17th to 
19th. The President, Dr. Wolcott Gibbs, presided. The list of 
papers accepted for reading is as follows : 


8. F. Emmons: Secondary enrichment of sulphides in ore deposits 

A. AGassiz: The cruise of the U. S. Fish Commission Steamer “ Albatross ” in 
the South Seas, August, 1899 to March, 1900. 

THEODORE GILL: On the Zoogeographical relationships of Africa. 

Smmon NeEwcoms: Report of the Watson trustees on the award of the Watson 
medal to David Gill. 

F. W. Putnam: A human bone from the glacial deposit at Trenton, N. J. 

L. EK. GrirFin: The anatomy of Nautilus pompilius. 

J. K. DUERDEN: West Indian Madreporarian polyps. 

REGINALD A. FESSENDEN: On the use of electric motors, of the shunt type, 
for solving linear differential equations of any order with variable coefficients. 
On the prediction of the physical properties of the pure metals. 

Roun A. Harris: A partial explanation of some of the principal tides. 


The following gentlemen were elected members of the Academy : 
James E. Keeler of the Lick Observatory, Mt. Hamilton, Cali- 
fornia; Henry F. Osborn and Franz Boas of Columbia University, 
New York City; Samuel F. Penfield of Yale University, New 
Haven. The Academy was entertained by the Washington 
Academy of Sciences on Wednesday evening the 18th. The 
or meeting is appointed for November 13th at Providence, 
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2. Proceedings of the Washington Academy of Sciences, vol. 
i, pp. Xiv, 347; Plates xxvi.—The first volume of the Proceed- 
ings of the Washington Academy of Sciences has recently been 
issued. It contains, besides administrative matters, a series of 
valuable papers. ‘The first of these is a revision of the Squirrels 
of Mexico and Central America, by E. W. Nelson; another gives 
a synopsis of Mexican and Central American Umbellifere, by J. 
M. Coulter and J. N. Rose; an important paper by Lester F. 
Ward (noticed in the present number, p. 384) describes a new 
genus and twenty new species of the fossil cycads from Wyo- 
ming; a paper by C. D. Walcott on the Lower Cambrian Terrane 
of the Atlantic Provinces was noticed in the April number 
(p. 302). 

3. Report of the Superintendent of the United States Coast 
and Geodetic Survey, showing the progress of the work from 
July Ist, IS97, to June 30th, ISIS. Pp. 489, 4to, with numerous 
maps and plates. Washington, 1900.—The present volume is the 
sixty-seventh annual report issued by the Coast Survey Bureau, 
now under the charge of Prof. H. 8. Pritchett. It contains the 
usual administrative report and in addition a series of appendices 
by various members of the scientific corps of the Survey. Three 
of these contain altitude determinations by means of spirit leveling 
between Salina, Kansas, and Colorado Springs; another discusses 
determination of time, longitude, latitude, and azimuth; still 
another the salinity and temperature of certain parts of the 
Pacific Ocean. 

4. Vertical Gradients of the Temperature, Humidity, and 

Wind Direction. A Preliminary Report on the Kite Observa- 
tion of 1898. Prepared under the direction of Willis L. Moore, 
Chief of the U. S. Weather Bureau, by H. C. FRANKENFIELD. 
Washington, 1899. (U.S. Department of Agriculture, Weather 
Bureau, Bulletin F.)—This volume is a striking illustration of the 
advance made in meteorological methods in recent years by the 
use of kites. The opening pages by Prof. C. F. Marvin describe 
the construction of the kites found to be most useful, the method 
of using them, and the meteorograph employed. 
5. The Theory and Practice of Interpolation ; by HERBERT 
L. Rice, M.S., of the American Ephemeris. Pp. 234, 4to. Lynn, 
Mass., 1900 (The Nichols Press).—A treatise of much value for 
computers. The author has collected for the first time, from all 
sources since Newton, everything of value relating to differences, 
interpolation, tabular differences, and mechanical quadrature with 
many processes and developments, original if not altogether new. 
Eight tables, including Newton’s, Sterling’s and Bessel’s coeffi- 
cients, a large number of illustrative examples and a full bibliog- 
raphy add greatly to the usefulness of the book. W. B. 

6. Irrigation and Drainage ; Principles and Practice of their 
Cultural Phases ; by ¥. U1. Kine. Pp. 1-492; New York, 1900. 
(The Maemillan Co.)—This last volume in the Rural Science 
Series is a well written, well illustrated discussion of the relation 
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of soil moisture to plant life. It bears the marks of careful 
investigation, yet is written in untechnical language and is just 
such a book as should interest and aid those engaged in any form 
of soil tillage. H. E. G. 

7. Mesure des Températures élevies; par H. Lx Cuaretier 
et O. Boupovarp, pp. 220, 8vo. Paris, 1900, Bibliothéque de 
la Revue générale des Sciences (Georges Carré et C, Naud).— 
The measurement of very high temperatures is always a matter 

of great interest, whether viewed from the purely physical stand- 
point or from the technical side. The early experiments of 
Wedgwood, dating back more than one h sundred years, form a 
starting point in the development of the subject, w hile the recent 
experiments of Chatelier, Barus, Holborn and Wien, and others 
show how much may be accomplished in this direction, The 
present volume is a very useful and compact résumé of the entire 
subject, taking up the various forms of pyrometers in succession, 
according to the physical principles involved in each. The whole 
forms a most interesting discussion, and brings out clearly the 
point which science has now reached as well as the limitations of 
the present methods. The author notes that in order to reach a 
higher degree of precision than has been yet attained, a more 
exact determination of the fixed points serving for the graduation 
of the pyrometer is much to be desired; since, for example, the 
points of fusion of zinc, silver, and gold are still uncertain to 
some ten degrees. Furthermore, a more precise determination of 
the relation between the electrical resistance of platinum and the 
temperature is needed; while for the very highest tempera- 
tures it would be useful to have a more definite knowledge of the 
laws of radiation of an absolutely black body. The work is well 
brought up to date and includes, for example, the experiments of 
Holborn and Wien (1896), although the later papers by Holborn 
and Day, of a year ago, with their important results, are not 
mentioned. 


OBITUARY. 


Dr. Tuomas Presron died-at his home in Dublin on March 7 
at the eer age of forty years. His works on the “Theory of 
Light ” (1890) and the “ Theory of Heat” (1895) gave him a 
high place among writers in Physics, while his papers, following 
Zeeman, on radiation phenomena ina magnetic field (1897, 1899) 
showed that he was an investigator of a high order. 

Mr. Grorce James Symons, the well known English meteor- 
ologist, died on March 10, at the age of sixty-two. 

Dr. St. Georce Mrivart, the distinguished English biologist, 
died on April 1st at the age of seventy-three. Some of his promi- 
nent works are: “On the Genesis of Species” (1871); “ Lessons 
in Elementary Anatomy ” (1873) ; “ Nature and Thought” (1882). 

Dr. Wituzttm Waacen, Professor oi Paleontology at the 
University of, Vienna, died on March 24 in his fifty-ninth year, 

Professor Biancnarp, the celebrated French zoologist, 
died at Paris in February at the age of eighty-four. 
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Proressor OLivER Payson Hlusparp died at his home in 
New York City, on March 9th, in his ninety-first year. His long 
life spanned nearly the whole of the century now closing, and 
his death thus takes away almost the last survivor of the ‘group 
of teachers who were actively interested in, and engaged in pro- 
moting, the first beginnings of science in this country. 

He was born at Pomfret, Conn., in 1809, but his youth, after 
1811, was spent at Rome, N. Y. He entered Hamilton College, 
in Clinton, N. Y., in 1825, and a year later joined Yale College, 
where he was graduated with the class of 1828. Of this class he 
was the last survivor. After graduation he spent three years in 
teaching and from 1831 till 1836 was assistant to Professor 
Benjamin Silliman in the Yale Chemical Laboratory. Of his work 
here, Professor Silliman speaks as follows: “Mr. Hubbard 
remained with me five years, and his services were very impor- 
tant. THis intelligence and gentlemanly bearing made him very 
acceptable to the strangers who often called upon us. He was 
also highly acceptable to the students, whom he treated with 
affability and kindness. His punctuality, his exactness in affairs, 
and perfect integrity, made him entirely reliable, while his 
knowledge of science in all the branches that belonged to the 
department qualified him to render efficient assistance.” 

In 1836 he was appointed to the Professorship of Chemistry, 
Mineralogy and Geology in Dartmouth College, at Hanover, 
N. H., retaining that position for thirty years. He resigned the 
work of that chair in 1866, but retained his lectures in the Medi- 
cal School connected with the college until 1883, when he was 
made Professor Emeritus. Professor Hubbard was -one of the 
founders of the American Association for the Advancement of 
Science in 1848, and was Secretary, Vice-President and later 
President (1892-93) of the New York Academy of Sciences. He 
was also one of the founders of the Association of American 
Geologists and Naturalists. He was keenly interested in a wide 
range of subjects in chemistry, mineralogy and geology, also in 
geography and in medicine; this interest remained unabated up 
to the close of his life. Early papers by him, published in this 
Journal (1837) describe the calcareous rocks of Boonville, N. Y., 
with the minerals and bowlders of the same locality ; another 
paper (1838) gives the results of geological observations in the 
White Mountains; still another (1842) is on a chemical examina- 
tion of the bituminous coal of Chesterfield County, Va. He 
received the degree of M.A. from Yale and Dartmouth, of M.D. 
from South Carolina Medical College and of LL.D from Hamilton 
College. 

Professor [lubbard was married May 17, 1837, to Faith 
Wadsworth, daughter of Prof. Benjamin Silliman; she died in 
1887. Two children survive him. From 1874 until his death he 
made his home in New York City ; the bright, genial serenity of 
his declining years made him a charming companion to all who 
had the opportunity to meet him. 
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JOHN WANAMAKER, NEW YORK. 


\ 
Se 
™ = : 
ALES = 
= 


MINERALS. 


CELESTITE. 


Having recently purchased all of the best crystals taken from 
the noted “Strontian Cave” at Put-in-Bay, Ohio, we can offer 
these at much less prices than crystals of like quality have 
before been sold. The better ones range from five to seven 
inches in diameter, with — terminations. 

These are from $5.00 to $8.00 each 
Crystals from three to five rr in a ameter, $1.00 to $5.00 each 
Smaller crystals, good terminations, ' : . 5e. to $1.00 


Variscite, Lewiston, Utah, ‘ 50c. to $5.00 
Wardite, 50c. to $8.00 
Selenite Crystals, Utah. We ™ ave still a large series 

of these giants, crystals, . $6.00 to $15.00 
Maraposite, Maraposa Co., Calif., : ‘ 50c. to $1.50 
Wiikite, Impilahti, Finland, 50c. to $2.00 
Sordavalite, Sordavala, Finland, . 50c. to $1.50 
Chrysoberyl, Helsingfors, Finland, ‘ to $1.50 
Tantalite, Kimito, Finland, . 50c. to $2.00 
Pargasite, Pargas, to $1.50 
Wernerite, “ ‘ ‘ $1.00 to $1.75 


Hornblende, “ fine crystals, . , ’ $1.00 to $2.50 
Gmelinite, Stilbite, Heulandite, Acadialite, Chab- 
azite, etc., from Nova Scotia, in choice specimens, 
to $3.50 


METEORITES. 


We can now supply specimens of the Allegan Aerolite, 
which fell July 10, 1899. Send for prices. 

Schreibersité from the Sao Juliao meteorite, 50c. per gramme. 

If you have Meteorites for sale, or Meteorites you wish cut 


and polished, write us. 


— 


Natura Science EstaBisHMENT 


30 TO 40 COLLEGE AVE., ROCHESTER, N. Y. 


PLATINUM WARE. 


Platinum Still (Faure-Kessler type) for Concentrating Sulphuric Acid. 
We manufacture all forms and sizes of platinum ware for chemical and laboratory 
purposes, and are equipped to repair platinum apparatus, crucibles, 
dishes, etc., at shortest notice. 


NEWARK, N. J. N. ¥Y. OFFICE, 120 LIBERTY ST. 
Send for seventh edition of pamphlet, ** Data Concerning Platinum, ete.” 


The American Journal of Science 


ESTABLISHED BY BENJAMIN SILLIMAN IN 1818. 


ContrisuTorS should send their articles two months before the time of issuing 
the number for which they are intended. The title of communications and the 
names of authors must be fully given. Notice is always to be given when com- 
munications offered have been, or are to be, published also in other Journals. 

Thirty separate copies of each article will be furnished to the author free of 
cost and without previous notice from him. They will be provided with a plain 
cover (but with reference to volume and year). If the author orders separate 
copies, they will be understood to be in addition to the thirty mentioned above, and 
he will receive a bill for the extra expense involved, as also for that of a printed 
cover (with title, etc.), when this is specially ordered. These charges will conform 
to the following schedule; the rates will be somewhat increased if the article is 
accompanied by plates. 


No. Copies. 


— 
& ~ = 
50 200 300 500 
8 pages...........| $1.75 | $2.25 $2.75 $3.25 $4.25 
2.75 | 3.25 3.75 4.50 6.00 
3.25 | 4.00 5.00 5.75 7.50 
| Cover -... --22-----| $1.00 | $1.25 $1.75 $2.25 $3.00 


NEW MODELS CRYSTALLOGRAPHIC AXES 


FOR THE DEMONSTRATION OF THE 


PROPERTIES OF SYMMETRY OF CRYSTALS, 


Constructed by Professor Dr. H. Baumhauer (Freiburg, Switzerland). 


(ef. “ Darstellung der 32-méglicher Krystallklassen auf Grund der Deck- und Spie- 
gelaxen, etc.” von H. Baumhauer, Leipzig, 1899; cf. also “ Nature” 1899.) 

These new models are constructed on a large scale in order to be adapted for 
use in lecture rooms. They show not only the axes of simple and composite 
symmetry and the fundamental forms, but also certain properties of zones, the 
optical axes and their dispersion in orthorhombic and monoclinic crystals. 

They are composed of crystal models made of pear-tree-wood, colored Alumin- 
ium rods, symbols made of copperplate, and can be entirely taken to pieces and so 
kept in a comparatively small box. 

We supply three different sets. 

I, Complete set, allowing the simultaneous demonstration of all the 

six crystal systems; price in elegant wooden case, $27.50 
II. Secondset; two of the systems can be demonstrated simultaneously ; 
23.00 


price in elegant wooden case, ‘ 
III. Small set. for the demonstration of only one system at a time; 


price in elegant wooden case, 20.06 


N. B.—To each of these will be added the above mentioned book by Prof. 
Baumhauer. 
New models, for the demonstration of the optical properties of crystals, constructed 
by Professor Dr. L. Dupare (Geneva). 

A. Colored Gypsum-models, representing the optical wave surfaces. These 
models of about 16 to 25 cm. diameter, are cut by the three principal planes of 
elasticity and are only held together by means of a very practical stand. 

The whole set consists of 6 models: 1. Spherical surface (regular system) ; 
2 and 3. Surface of negative resp. positive uniaxial crystals; 4. Surface of 

biaxial crystals; 5 and 6. Isochromatie surface of uniaxial and of biaxial 

crystals, Price inclusive of stands, $30.00. 

B. Models of the optical indicatriz to illustrate the theory of double refraction and 
the optical characters of crystals; manufactured of solid pear-tree-wood, 
size about 20 cm., mounted on three perpendicular axes of metal and fixed 
on special stands. They are cut parallel to certain planes in order to show 

the laws of the propagation of the waves in different directions. 

The whole set consists of 8 models. Price, inclusive of stands, $75.00. 

For particulars see our new Catalogue of Crystal Models (No. 1°) which has 
just been published and will be sent free on application. 
Collections of Minerals, Fossils, Meteorites purchased for cash or 


exchanged. 


DR. F. KRANTZ, 


RHENISH MINERAL OFFICE, 


BONN-ON-RHINE, GERMANY. 


